s The statements about the evidence against confounding by smoking given by restriction of the
cohort should be qualified by the assumptions required to justify them, or deleted.

e The SAB had no recommendations for further analyses.

e The reference to three methods is confusing. There are actually only two, the restricted cohort
and the Richardson analysis for which two exposure metrics are explored.

3.2.6.3. Quantification of Inhalation Unit Risk

Question 3. In order to derive an IUR which represents the combined risk of mortality from lung cancer
or mesothelioma, a cancer-specific unit risk for each tumor type was calculated according to the
Guidelines for Carcinogen Risk Assessment (U.S., EPA, 2005; Sections 3.2 and 3.3) by linear
extrapolation from the corresponding POD (i.e., the lower 95% confidence limit on the exposure
associated with 1% extra risk of lung cancer or 1% absolute risk of mesothelioma mortality). The IUR
was then determined as a combined upper bound risk estimate for mortality considering both cancers.
Has this approach been appropriately conducted and clearly described?

The SAB found the description of the procedure used to be clear but considered the justification for the
independence assumption to be lacking in depth. The EPA should provide a discussion of the potential
consequences of assuming that the estimated IURs for mesothelioma and lung cancer mortality are
independent, noting the possibility that the upper bound on the JUR may be understated if the risks are
positively correlated. The document may refer to the 1994 NRC report, which suggested that treating
different tumor occurrences as independent is "not likely to introduce substantial error in assessing
carcinogenic potency”. However, the document should acknowledge that this statement was made in the
context of animal bioassays and that human populations are more heterogeneous in risk factors related to
mesothelioma and lung cancer mortality. If any risk factors are shared across outcomes and not
accounted for in the modeling, the risk estimates generated by the different models are likely correlated.
Given the small size of the data set, and lack of an appropriate statistical method, this correlation cannot
be estimated reliably. One approach might be to undertake bounding analysis on the lifetime risk
estimates using, for example, the Fréchet inequality for disjunctions (Fréchet, 1935) that makes no
assumption about the nature of the dependence. This analysis could reveal how large the impact of
dependence might be. At the very least, the restrictive assumption of independence must be mentioned
and the potential consequences of a violation of this assumption must be discussed.

Recommendations:

e The EPA should acknowledge that the assumption of independence is a theoretical limitation of
the analysis, and should provide a fuller justification for this assumption. EPA has cited the NRC
(1994) analysis as suggesting the impact of this issue is likely to be relatively small. This view is
also echoed in the EPA’s (2005) Guidelines for Carcinogen Risk Assessment. These provide the
basis for a default assumption. However, it would be preferable if this assessment discussed the
evidence base and rationale for lung cancer and mesothelioma specifically.

e As a sensitivity analysis, the EPA should consider quantitatively accounting for dependence in
the risks of mesothelioma and lung cancer mortality either using a method that models the
dependence explicitly, or a bounding study that evaluates the numerical consequences of the
assumption of independence.

35

ED_002435_00004578-00219



3.2.6.4. Adjustment for Mesothelioma Mortality Under-ascertainment

Question 4. Please comment on the adjustment for mesothelioma mortality under-ascertainment. Js this
adjustment scientifically supported and clearly described? If another adjustment approach is
recommended as the basis for the IUR, please identify that approach and provide the scientific

rationale.

The number of mesothelioma deaths was adjusted for under-ascertainment stemming from inadequate
coding used in death certificates. The procedure used is not described in any detail, but can be found in
the Kopylev et al. (2011) reference. A total of 18 mesotheliomas were observed in the Libby cohort
from 1980 to 2006. The estimated number of 24 mesotheliomas was obtained after using a Monte Carlo
analysis. The ratio of 24 to 18 yields the median of 1.33. The Kopylev manuscript also provides a figure
of 1.39 in Table 3, which is the mean later reported in the EPA report. The EPA method appears to be
scientifically supported, but is not clearly described. This section should be expanded and a much more
detailed statement of how the numbers were arrived at should be provided.

No additional adjustment approach is described in the EPA report. The authors should provide an
additional estimate using the 37% figure mentioned on page 46 of the Kopylev et al. (2011) reference.
This is the percentage of mesothelioma cases that would be missed using previous histopathological
analyses of cancer registry data. Using 37% would yield an estimate of about 29 mesothelioma cases
instead of 24. The median ratio would then be 1.61 instead of 1.33. This number, and its related mean,
should be utilized to provide a separate analysis of unit risk for comparison purposes.

3.2.6.5. Characterization of Uncertainties
Question 5. Please comment on whether the document adequately describes the uncertainties and
limitations in the methodology used to devive the IUR and whether this information is presented in a

fransporent manyer.

The SAB commends the EPA for summarizing (in Section 5.4.6.1 of the draft document) the many
sources of uncertainty considered in the course of this document and evaluating, at least qualitatively,
and sometimes quantitatively, the direction and magnitude of the likely impact of each source of

uncertainty.

However, the SAB noted that most of what the document has accomplished is through targeted
sensitivity analyses that examine one assumption at a time, while holding all others more or less
constant. For example, the agency has indeed done a thorough job of exploring sensitivity of the IURs to
a range of investigator analyses of lung cancer (Table 5-20) and mesothelioma (Table 5-21) for the
Libby worker subcohort, and to a wide range of assumptions about the exposure metrics to be used in
the basic models (e.g., Table 5-9). The basic underlying models chosen for lung cancer and for

mesothelioma are the same.

The sensitivity analyses in the document are individually well described, appear well-done and provide
reassurance, under the assumptions of the basic models and approaches chosen to estimate the TUR, that
the particular exposure metric and lag, for example, do not appear to make a big difference in the value
of the JTUR. However, they are currently presented somewhat in isolation, and thus do not take into
account the magnitude and likelihood of multiple sources of uncertainty in the same analysis or address
the overall distribution of uncertainty in the ITUR. Consequently, the SAB did not think that the
following statement had been fully justified:
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...the EPA’s selected combined IUR of mesothelioma and lung-cancer mortality accounts for
both the demonstrated cross-metric uncertainty as well as several additional uncertainties,

which could have resulted in underestimates of the mesothelioma and lung-cancer mortality
risks (p 5-105, lines 1-5).

As noted in response to question | in Section 3.2.6.1 above, the SAB identified that model uncertainty is
an important source of uncertainty that might well not be accounted for by using the 95% UCL, on the
IUR and the combined TUR & or at least that had not been represented by the sensitivity analyses
provided.

Recommendations:

¢ The SAB recommends that a more straightforward and transparent treatment of model uncertainty
would be to estimate risks using a more complete set of plausible models for the exposure-response
relationship (discussed in response to question 1 in Section 3.2.6.1), including the Poisson models.
This sensitivity analysis would make the implications of these key model choices explicit.

» The SAB recommends that, as an initial step in conducting an integrated and comprehensive
uncertainty analysis, the agency provide a tabular presentation and narrative evaluation of the [UR
estimates based on a reasonable range of data selections (e.g., all or part of the earlier hires as well as
the “preferred” subeohort), model forms and input assumptions (as discussed, in the response to
question 1 in Section 3.2.5). These input assumptions should include inter alia exposure metrics and
externally defined parameters, as discussed in the response to question 1 in Section 3.2.5. As noted
in the current cancer risk assessment guidelines (EPA, 2005, page 3-29):

The full extent of model uncertainty usually cannot be quantified; a partial characterization can
be obtained by comparing the results of alternative models. Model uncertainty is expressed
through comparison of separate analyses from each model, coupled with a subjective probability
statement, where feasible and appropriate, of the likelihood that each model might be correct

(NRC, 1994). /
The SAB notes that ideally, the agency would develop a quantitative characterization of the overall
uncertainty in its JUR estimates by incorporating the major sources of uncertainty the agency has
identified in its evaluation. However, the SAB recognizes the challenge of conducting such an analysis,
and is not recommending that it be undertaken at this time.
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4. LONG-TERM RESEARCH NEEDS

4.1. Epidemiology

It would be informative and very important for NIOSH and ATSDR to continue monitoring mortality
among Libby workers (including those residing in Libby and nearby towns such as Troy, Montana) and
residents of Libby and nearby towns, respectively, to determine the number of new lung cancers,
mesotheliomas, and non-malignant pulmonary diseases (i.e., asbestosis) in these two populations.

The last occupational ascertainment was through 2006; an additional five years of data should now be
available. In addition to a dose-response evaluation, an overall SMR should be calculated for lung
cancer in this population by comparison to both the Montana and U.S. populations.

The previous ATSDR community SMR mortality survey was from 1979-1998. It should now be
extended through 2011 and should include an analysis specific for community, non-occupationally
exposed, individuals. Barly-life exposure to LAA could possibly be obtained from surrogate interview
information from the community population. Smoking, occupational, and residential histories should be
obtained for the lung cancer, mesothelioma, and non-malignant respiratory disease (i.e., asbestosis)
categories. Data concering previous Libby residents who had moved away (and died in other states)

would need to be obtained by means of a special effort of ATSDR.

A community cross-sectional respiratory health screening was conducted in Libby by ATSDR in 2000
and 2001. A non-malignant respiratory health update since then would be useful. The appropriate
smoking, occupational, and residential histories should be included.

4.2. Mode of Action

It would be valuable for future research on LAA mode of action to focus on biomarkers that are
more clearly and specifically related to non-cancer endpoints (i.e., asbestosis) or cancer endpoints
(e.g., mesothelioma). Critical genotoxicity studies including mutagenesis and chromosomal
aberration studies have not been investigated with LAA. Inhalation studies in animal models that can
provide mechanistic and dose-response relationship should be conducted.

4.3. Future Development of a TEM Method for PCM Equivalency

EPA needs to develop a transmission electron microscopy (TEM) method that provides equivalent data
to phase contrast microscopy (PCM). This TEM method development must first recognize fundamental
differences between TEM and PCM analysis. Areas that need better definition include differences in
analyzable areas, changes in PCM resolution over time, measuring complex fibrous structures,
measuring obscured fibers, defining TEM analysis parameters more succinctly, recognition of several
other measurement characteristics of importance (such as surface area), defining inter-laboratory
variations and their causes, as well as other areas related to analysis.

Other areas of analysis may include but not limited to: differences between PCM reticule areas and TEM
grid opening areas that create biases; TEM rules with regard to fibers obscured by grid bars which create
positive bias in TEM results; measurement of obscured, complex arrangements of fibers by TEM that
differ from PCM counts; TEM measurement errors associated with fibers of various widths; differences
between laboratories with interpretation of TEM counting rules; differences in magnification and
orientations used for analysis; and other issues which create variation between analyses.
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LIBBY AMPHIBOLE

ASBESTOS REVIEW PANEL

MEETING

5/1/2012
Page 54 Page 56
1 DR. KANE: Do other members of the panel 1 radiographic changes and LPT and the derivation for
2 have any comments on this? 2 the RfC?
3 MALE SPEAKER: Well, I undersiand Lianne's § 3 DR, SALMON: This is Andy Salmon here. |
4 point, and I don't have any problem trying toadd a 4 think it's probably worth just putting in a very small
5 sentence or two in that regard. 1 will say that it's 5 side comment to the effect that we are looking at
6 not put in for the current report because I think that 6 these radiographic changes as an adverse effect in
7 it's probably too late to include anything new, but I 7 their own right. We are not necessarily arguing
8 work ona regular basis on a different project 8  whether or not they progress to some other disease
9 altogether with Jim Lockey who's the senior authorof | 9 entity. And that it needs to be considered as an
10 the work -- senior deputy on the Marysville cohort. 10 adverse in its own right.
11 And they have a paper, I believe it's 11 DR. KANE: I think that is clearly stated
12 actually been accepted already, but ¥m not entirely 12 butI will make sure that that is clear.
13 sure about that where they've done HRTC scanning of {13 DR. SALMON: I say that mainly because some
14 members of the Marysville cohort. And they are going | 14 comments have attempted to obfuscate that point,
15 1o have data about some clinical interstitial fibrosis 15 DR. KANE: I don't think the members of the
16 orasbestos that's related to the exposure. And 16 panel meant to do that.
17 that's down the line, but it's coming. 17 DR. SALMON: No, I don't mean comments from
I8 So while it may not be pertinent to this 18 members of the panel. Members of the panel have been
19 report, it's I think Lianne's point that we should 19  absolutely clear on that, in my opinion. I mean the
20 establish that all radiographic abnormalities should 20 public comments.
21  be considered in the future is one worth addingtothe 121 DR, KANE: Absolutely. All right. We will
22, section. 22 check. Twill carefully read that part of the report
IPage 53 Page 57
1 DR. KANE: Other panel members agree with 1 and make sure that our statement is clear.
2 that? 2 DR. SALMON: Thank you.
3 UNIDINTIFIED SPEAKER: MMO? 3 DR, KANE: Thank you. Allright. With
4 FEMALE SPEAKER: And I think the particular | 4 respect to charge 3 refers to the database laboratory
5 point that the panel was making is whether, if you 5 study, what kinds of mechanisms may be responsible for
6 actually look at the papers that were included the 6 the noncancer endpoint this is begins on page 19 of
7 diffuse plenral thickening, the fact the numbers that 7 the draft summary.
8 she said changed very little. 8 Does anyone have any substantive comments
9 MALE SPEAKER: Right 9 tomake here? Il particularly ask the people who
10 DR. KANE: But the general recommendation 10 considered this. Are you here now. Jeff? David
11  that these should be considered in fusture I think that 11 Bomner? ‘
12 was pretty clear when stated. 12 DR. BONNER: Yes, I'm here.
13 DR SHEPPARD: Yeah. Yeah. Ifsmaybenot |13 DR. KANE: Do you have any comments or
14 relevant for this particnlar response but I think I 14 guestions on this section?
15  felt like it wasn't completely clear throughout the 15 DR. BONNER: No.
16 entire document, but T haven't identified where I 16 DR, HEL Iam here. Ithought that the
17 might recommend changes, but ¥ think we'd want to 17 section is pretty straightforward in terms of the
18 be -~ we want to be clear about looking forward versus | 18  mechanisms that promote the inflammatory response and
19 specific changes to this document. 19 the many of the noncancerous fesions that was
20 DR. KANE: Okay. We will definitely flag 20 obsaved. Sobased on what is a lesion, I have no
21 that one to look at very carefully, 21 further addition.
22 Any other issues related to the 22 DR. KANE: Excelient. Okay. At this point

15 (Pages 54 to 57)
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LIBBY AMPHIBOLE ASBESTOS

REVIEW PANEL MEETING

5/1/2012
Page 58 Page 60
1~ when we consider our full discussion on localized 1 what we mean, right?

2 pleural thickening and the derivation of the RfC and 2 DR. KANE: Could the members of the panel

3 the discussions that we will make sure we have made it | 3 who wrote this clarify that? What is meant by that?

4 very clear about what we consider in terms of the 4 DR. BALMES: I think that could be

5 radiographic changes and the fact that these are an 5 imterpreted possibly different ways. That's my

6 adverse effect, not adverse effect nevertheless. Any 6 only — I don't know who wrote it.

7 other comments or anything we should clarify at this 7 DR, KANE: Does anyone wish to comment?

8 point? : 8 DR. BALMES: If we mean public health

9 DR. SHEPPARD: This is Lianne Sheppard. [ 9 conservative, we should say that, T think.

10 was - I wrote some notes to myself about whetherthe | 10 DR. KANE: A more conservative approach,

11 last paragraph of this response on page 20, lines 18 il MALE SPEAKER: Does that mean less
12 through 22 needed a little bit more elaboration. And 12 agpressive on the part of EPA picking an RfC because
13 Idon't have any suggestions. [ just guess I wanted 13 there's a limited and complex database, or does it
14 torevisi that. 14 mean because we have a limited, complex database we
15 DR. KANE: Do other members of the panel 15 should be public health conservative? [ think -~
16 have comments? 16 DR. SHEPPARD: You mean more protective of
i7 DR. BONNER: This is Jamie Bonner. I think 17 public health?

18 Tlost you guys. Ipressed the wrong button trying to i8 MALE SPEAKER: Yes.
19 mute back in. I had no further comments on the 19 DR. SHEPPARD: Yesh. I think we should add
20  non-cancer study for animals. 20  that language.
21 DR. KANE: Thank you, Jamie, 21 DR. KANE: I like that, a more conservative
22 DR. BONNER: You are welcome. 22 approach that is more protective of public health,
Page 59 Bage 61

1 DR. KANE: I'm glad you are back. 1 MALE SPEAKER: Yeah.

2 DR. BONNER: Thank you. Sorcy about that. 2 DR. KANE: Does everyone agree with that?

3 DR. KANE: Allright. Lianne Sheppard 3 DR. HEL That's fine.

4 raises some questions on lines 18 through 22 on page 4 FEMALE SPEAKER: Yes.

5 20. Lianne, you did specifically comment about 5 MALE SPEAKER: Yeah, I would agree.

6 clatifying who SAB is agreeing with. We've changed 6 DR. KANE: Okay.

7 that to considers a more conservative approach and 7 MALE SPEAKER: Dr. Hei, you and are

8 deriving the RfC is therefore appropriate policy 8 protesting.

9 choice. Iwill clarify that. But do you think we 9 MR. BUSSARD: This is David Bussard again.
10 reed further discussion in this patagraph? 10 I guess I'm not sure more conservative than what? 1
it DR. SHEPPARD: Well, I guess I'm just 11 am not sure about the more in that sentence, what you
12 making sure that nobody else does. Tam okay if - 12 mean by 1t?

13 because I didn't write this section, I'm ckay with it. 13 DR. HEL Yes.

14 Ijust wanted to raise it and make sure that evervbody | 14 MALE SPEAKER: Why don't we just say a
15 was okay with it. 15 conservative approach, i.e, protective of public

16 DR. KANE: Are the members of the panel, 16 health; leave out the more.

17 you satisfied with this that it is clear? Okay. 17 DR. KANE: Yes. Ithink that's

18 Again, [ thask you. 18  appropriate. Do the members of the panel agree? A
19 DR.BALMES: Yes, this is John Balmes. Do 19  conservative approach that is more protective of

20 you think there might be misinterpretation - 20 public health?

21 possibilities with a more conservative approach? I 21 MALE SPEAKER: Yes.

22 mean do you mean health conservative or I think that's § 22 DR. KANE: Okay.

16 (Fages 58 to 61)
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o Wang/DC/USERAIUSEERA
Subject: 3 dited Response 10 Question 2 on Noncancer Heaith Effects
Date: B7/05/2012 11:17 AM

Dear Diana,

1 agree with Carrie's changes,

Sincerely,

Agnes

Agnes B. Kane, MD, PhD, Chair

Department of Pathology and Laboratory Medicine
Brown University

Email: Agnes_Kane®Brown.Edu

Phone: 401-863-1110

On Mon, Jul 9, 2012 at 10:11 AM, Diana-M Wong <Wong.Diana-M®@®epamail.epa.goy> wrote:

Dear Agnes,
Welcome back!

Attached please find Dr. Redlich's edits on response fo Question 2. Thanks.

Diana

Diana Wong, Ph. D., DABT

Toxicologist and Designated Federal Officer
USEPA

Science Advisory Board Staff Office

MC: 1400R

1200 Pennsylvania Ave, NW.

Washingion, DC 20460

Phone(202) 5684-2049

From: "Redlich, Carrie” <gaie tedich@yale eduy>

Tor Diana-M Wong/DCAISEPAUS@EPA, John Balmes <jbalmes@medsiah.ucsf edu>, “Newman, Les" <MWM>

Cc “Samen, ARdy@OEHHA" <Andy Salmon@oshha.ca.goy», Aghes Kane <agnes kane@hbrown.edu>, “Merdontipomann@nvumc.rg”
>, Busan Woskie <Susan Woskis@umledu>, "David Kiebel” <David_Kishelumledy>

Dale B7/082012 0530 PM

Subject Re; Edited Response 1o Question 2 on Noncancer Heailth Effects

Diana
I agree that it IS OK to leave in that plaques are indicators of increased risk for the future development of lung

cancer, in agreement with ATS Asb reference.
{ have made some additional minor edits {see attached} mainly deleting a few phrases per the “less {s more”

principle, wanting to avoid statements that critics may attack.

Cartie
John and Lee — Are you OK with?

On 7/5/12 7:02 PM, "Diana Wong" <Wong.Diana-M®@epamail.epa gov> wrote:

Dear Al,
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| checked the ATS, {2004) reference, which is available in the reference section of the HERCized Libby

assessment,

On page 705, it did state: "The presence of plaques is associated with a greater risk of mesothelioma and
of lung cancer compared with subjects with comparable histories of asbestos exposure who do not have

plagues”.

On page 707, it stated: “Plaques are indicators of increased risk for the future development of

ashestosis”.

However, we are still waiting for the input of our pulmonologists experts to let me know if “lung cancer®

should be deleted. Thank you very much,

Diana

Diana Wong, Ph. D., DABT

Toxicologist and Designated Federal Officer
USEPA

Science Advisory Board Staff Office

MC: 1400R

1200 Pennsylvania Ave, N.W.

Washington, DC 20460

Phone:{202) 564-2049

From: Diana-M Wong/DC/USEPA/US

To: jbalmes@medsfgh.ucsf.edu, Lee Newman®@ucdenver.edy, carrieredlich@yale.edy,
Susan_Woskie@umlbedu, David_Kriebel@uml.edu

Cc: "Salmon, Andy@ OEHHA" <Andy.Salmon®@oehha.ca.gov>, agnes kane@hrown.edu,
M Li

Date: 07/03/2012 11:49 AM

Subject: Fw: Edited Response to Question 2 on Noncancer Health Effects

Dear All,

Dr. Lippmann commented on p. ¥, line 6,7 of the cover letter that "lung cancer” should be deleted. To be
consistent, fung cancer is also deleted in the response to guestion 2. Please review and let me know if

you have other suggestions, Thanks.

{See uttoched file: dw Response to Question 2 on Noncancer Health Effects.docxj

Diana Wong, Ph. D,, DABT

Toxicologist and Designated Federal Officer
USEPA

Science Advisory Board Staff Office
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MC: 1400R
1200 Pennsylvania Ave, N.W.
Washington, DC 20460

Phone:(202) 564-2049

- Forwarded by Diana-M Wong/DC/USEPA/US on 07/03/2012 11:41 AM -

From: Diana-M Wong/DC/USEPASUS

To: Jbalmes@medsigh.ucst.edy, Lee Newman@ucdeover.edu, carriesedlich@vale.edy,
Susan_Woskie@uml.edy, David_Kriebel@uml.edu

Cc: "Salmon, Andy@OEHHA" <Andy.Salmon@oehha.cagov>, agnes, kane@brown.edy
Date: 07/02/2012 05:50 PM

Subject: Fw: RE: Public Comments Posted on Dur Website

Dear Ali,

Attached please find Karl Bourdeau's comments on june 25, Dr. Salmon’s response to these comments on
LPT, and the subgroup response to question 2 on the selection of critical effect for the derivation of RIC.

{See ottached fite: Bourdeau June 25 no sig.pdf) (See attached file: Response to Question 2 on Noncancer
Hedlth Effects.docx}

Please let me know ASAP if any changes to the response to question 2 is needed, based on the
comments, and Dr, Salmon's response to comments.

Diana Wong, Ph. D., DABT

Toxicologist and Designated Federal Officer
LSEPA

Science Advisory Board Staff Office

MC: 1400R

1200 Pennsyivania Ave, N.W.

Washington, DC 20460

Phone:{202) 564-2049

~-- Forwarded by Diana-M Wong/DC/USEPA/US on 07/02/2012 05:30 PM -

From: "Salmon, Andy@OEHHA" <Andy.Salmon@oehha.ca.gov>
To: Diana-M Wong/DC/USEPAJUS@EPA

Date: 06/27/2012 05:13 PM

Subject: RE: Public Comments Posted on Our Website
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Having taken z look at these comments, | do need to respond to their mischaracterization of my earlier
remarks about LPT as a toxicity endpoint. They appear to think that | was discounting the possibility that
LPT was associated with changes in fung function. | never said anything of the sort. In the first place, the
discussion about where LPT stands on the overall mechanistic pathway started in the context of
mesothelioma rather than lung function changes. The general conclusion of the panel {with which |
agree) is that there certainly are common elements to the causative pathways for mesothelioma and LPT,
but it is not correct to see LPT as an obligatory precursor to mesothelioma, 1.e. not ait LPT lesions will
progress to mesotheliomas and not all mesotheliomas arise by progression of LPT lesions. But both types
of lesion arise as the resuit of the cellular damage induced by the persistent fibers and other associated
effects. With regard to lung function changes, the point of my remarks is that regardless of whether or
not LPT is associated with observable lung function changes, it is in and of itself an frreversible
pathological change in tissue structure. Risk assessment guidelines identify that endpoint as a suitable
{and indeed, fairly severe} endpoint for use in risk assessment, regardless of whether functional changes
are observed as a result of or associated with that finding. The panel subsequently discussed the
guestion of whether, In addition to LPT, the amphibole exposures were also associated with observable
lung function changes in the dose range of interest, and it was concluded that they were. it appears that
LPT findings are not invariably associated with observable lung function changes, or vice versa: how much
of this is due to relative insensitivity and impredsion of these clinical evaluations, or merely to the fact
that they are seldor done simultaneously on the same subject, is unclear. However, the risk assessment
conclusions are simpler: both LPT and lung function changes are separately demonstrable effects of
exposure to amphiboles, which may be considered independently in determining dose response

relationships for adverse effects.

From: Diana-M Wong [mailto;Wong.Diana-M@epamail.epa.gov]
Sent: Monday, June 25, 2012 11:32 AM

To: Diana-M Wong

Subject: Public Comments Posted on Qur Website

Dear Panel Members,

A set of public comments submitted by Karl Bourdeau of Beveridge & Diamonds is posted on our
website for your consideration. The link is provided below:

hitp:/lyosemite. epa.gov/sablsabproduct.nsf/MeetingCal/DE16F40DE2BES271852579F BOOSAC2BE?

OpenDocument
<http:/fvosemite.epa.govisab/sabproduct.nsf/MeetingCal/DE16FA0DEIBES2T1832579FBOOSACIBER
OpenDocument>

The pdf file is also attached.

(See attached file: Bourdeau June 25 no sig.pdf)

Sincerely,

Diana Wong, Ph. D., DABT

Toxicologist and Designated Federal Officer
USEPA

Science Advisory Board Staff Office

MC: 1400R

1200 Pennsylvania Ave, N.W,

Washington, DC 20460

Fhone:(202) 564-2048
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| Carrie A. Redfich, MD, MPH

. Program Director, Yale Occupational and Environmental Medicine
| Professor of Medicine

¢ Oceupational and Environmental Medicine and

| Pulmonary and Critical Care Medicine

 Yale School of Medicine

| YOEMP
| 135 Coliege St, 3rd floor
! New Haven, CT 06510

" Tel: 203-737-2817 Fax 203-785-7381
Celf Phone !
carrie.redli =5 17]

The information contained in this message may be privileged and confidential. if you are NOT the

destroy this message. Pleasg be aware that emall communication can be intercepted In transmission or
| misdirected. Your use of email fo communicate protected health information to us indicates that you

acknowledge and accept the possible risks associated with such communication. if you do not wish to
have your information sent by email, please contact the sender immediately.

! (See attached file: cr edits.Response to Question 2 on Noncancer Health Effects.docx)
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From: Redlich, Carrie

To: Diana-M Wong/DCUSEPAIUSDEPA; Agnes Kane
Subject: Word of explanation re LPT associated with increased risk meso, lung ca
Date: 07/28/2012 09:04 PM

Attachments: ash pleural mesol3Lodf
ash_plagues lung cancar.odf
Reid Addit risk mese wittenoom QEM 2003.pdf

Agnes/ Diana
! found this in my outbox — not sure if sent earlier in the week- may be duplicate email

carrie

Agnes / Diana

{ thought | should add a word of explanation for deleting a sentence that generated so
much attention {(below - I didn’t write it) and my other more minor edits.

While the ATS asbestos document does say LPT associated with increased risk asbestosis,
ta, meso, it cites only 2 references 1o support LPT associated with increased risk of mesoth
and lung cancer {beyond exposure history). Most clear, and what we discussed at our
meeting and prior calls, was that LPT associated with reduced lung function, which a
number of well done studies document. We suggested EPA further highlight this literature
and added a few additional references. Not a big deal / change.

I had been uncomfortable with LPT being predictive / associated with increased risk of
meso, lung cancer, so | had done some searches of the epi literature (see attached). The
question is complicated by 1} confusion if referring to plaques as a marker of asbestos
exposure vs increased risk beyond estimated exposure (the real Q), and 2) studies have
mostly used occupational history for exposure assessment.

One of the better articles {Reid) and brief lit search attached. {Reid already cited by EPA
somewhere. Don’t think EPA needs to add any refs}.

Bottom line — while ATS statement likely correct, there’s not much evidence to support
LPT and increased risk meso, fung ca (beyond exposure), and as mentioned, no need to go
there. It's confusing and nonmalignant changes sufficient justification as endpoint, and it's
just opening up EPA for criticism. This is referring to LPT and risk of meso, lung cancer.
There is good data that supports LPT and reduced lung function. {my edits tried to clarify
this).

Sorry didn’t bring this up on the call — 1 was hesitant to start a whole discussion about. |
looked over articles etc more carefully when doing edits and realized that while

' “associated” better than “predictive”, even better to omit.

As you know, ashestos differs somewhat from pollutants such as ozone, as there are well
known clinical entities caused by asbestos. It may be helpful for the EPA to more fully
explain Rfc version of health effect vs clinical disease. ATS document focused on clinical
asbestos-related disease. Clinicians / others are so used to reassuring patients that plagues
are no big deal, don’t affect lung function {esp as typically past exposure can’t do anything
about}, that they may need an extra reminder as far as Rfc / the public health perspective.
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It took me a while to remember this after “minimizing” plaques with individual patients for

so long.
Hope this helps.
Carrie

On 7/25/12 6:52 PM, "Carrie Redlich® <carre.redlich@yale.edu> wrote:
“Additionally, the presence of LPT itself is predictive of risk for other
asbestos-related diseases, including asbestosis, mesothelioma and lung
cancer, a point that the EPA should include.”

Carrie A. Redlich, MD, MPH

Program Director, Yale Occupational and Environmental Medicine
Professor of Medicine

Occupational and Environmental Medicine and

Pulmonary and Critical Care Medicine

Yale School of Medicine

YOEMP

135 College St, 3rd floor

New Haven, CT 06510

Tel: 203-737-2817 Fax 203-785-7391
Cell Phone:

carrie redlich le

The information contained in this message may be privileged and confidential. If you are NOT the
intended recipient, please notify the sender immediately with a copy to hipaa security@vale.edu and
destroy this message. Please be aware that emall communication can be intercepted in transmission or
misdirected. Your use of email to communicate protected heaith information to us indicates that you
acknowledge and accept the possible risks associated with such communication. If you do not wish to
have your information sent by email, please contact the sender immediately.
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Page 206

DR. WOSKIE: Ihave to remind you that my
raining is as an industrial hygienist, not a
respiratory physician. So 1 have to defer to my
colleagues’ knowledge about the physiology. But the
argument I thought was well made in the document and
made sense to me and alsc was supporied by the
reported latency results that the localized plevral
thickening occurs in, you know, 8, 10 years compared
to the diffuse as far as follow-up, you know, having a
cohort with sufficient follow-up to actually see

Page 208

findings will appear before the other findings. And
so I think that's why the thinking has tended to focus
on the pleural abnormalities.

DR. SHEPPARD: But my understanding is that
sometimes you see the one outcome and not the other,
right?

DR. NEWMAN: That's true. One can see, for
example, asbestosis, the fibrotic lung disease, you
can that on x-ray and in an individual who never
develops any pleural abnormalities. So that

11 disease. 11 definitely does occur.
12 So that was the other piece of the argument 12 DR. BALMES: I guessI'll just chime in as
13 that made sense to me. 13 another pulmonary phyéician that again I think it's an
14 DR. KANE: Dr. Sheppard? 14 interesting idea. Iagree with Lee that ugually
15 DR. SHEPPARD: Yeah, I generally also 15 you'll see localized plenral thickening before you
16 agreed. I brought up a guestion this morning and 1 16 would see asbestosis or diffuse pleural thickening,
17 want to revisit it and engage our physician colleagues | 17 The advantage of diffuse pleural thickening
18 onthe panel with a little bit more discussion. 18 or asbestos is those are clearly linked o decreased
19 I think I've been convinced, but the basis 19 lung function where localized or pleural thickening
20 in this data set is x-ray {indings. And there are 20 has been brought up isn't necessarily associated with
21 other changes on x-rays besides localized pleural 21 decreased lung function. I don't know how much
22 thickening which are also caused by asbestos. Andso | 22 difference it would make with the Marysville cohort,
rage 207 Page 209
1 as astatistician why not just look at all of them, 1 butit's certainly a reasonable suggestion.
2 any change on x-ray that might be caused -~ that's 2 DR. KANE: Dr. Redlich, I would like to ask
3 considered caused by x-ray, I mean, by asbestos, 3 another pulmonologist.
4 particularly since these are prevalent x-rays. 4 DR, REDLICH: 1 think we would all sort of
5 And the changes most likely happened way S feel more comfortable because of this question of how
6 back intime. So we are not looking at any time to 6 - significant our pleural plaques is if there was enough
7 event in this analysis at all. Sol just wanted to 7 data to do a risk estimate on other outcomes, but in
8 revisit that guestion one more time before we put it 8 that same paper there were only 12 participants, I
5 tobed. Why -- and in fact in the primary analysis 9 believe, or § with interstitial changes.
10 cohort it makes almost no difference because there's 10 So it ends unbeing a much smaller number,
11 one case that's excluded that has another outcome. 11 And of the 80 with pleural changes, only 12 had
12 But in the bigger cohort there are more cases. 12 diffuse plearal thickening. So -- what number was it?
13 So why not help me understand a little bit 13 Did I have it wrong?
14 better why wouldn't we look at more -- more changeson | 1 4 Tam sorry. Evenless. 8o Ithink the
15 x-rays than just that one? 15 problem is there haven't been enough of those other
16 DR. KANE: Can anyone answer that question? | 16 endpoints.
17 Dr. Newman. 17 DR. SHEPPARD: Yeah, but I'm talking about
18 DR. NEWMAN: Well, I may notanswerit but | 18 adding them all together, not looking at one outcome
19 Iy, AndI'll welcome input from some of my 19 versus another.
20 colleague pulmonologists. I think that's a really 20 DR. WOSKIE: So you are saying any --
21 interesting idea. 21 DR. SHEPPARD:; Yeabh, any change.
22 As a general observation, the pleural 22 DR. KANE: Yes, Dr. Salmon.
- 53 [Pages 206 to 209)
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MEETING (U.S. EPA - SCIENCE ADVISORY BOARD LIBBY ASBESTOS) - Vol. 1
7/25/2012
Page 2 Pags 4
i The U.S. Environmental Protection Agency, 1 PROCEEDINGS
2 Science Advisory Board, Libby Asbestos Meeting held} 2 DR. WONG: 1 think we can start right now,
3 viateleconference on Wednesday, July 25, 2012, 3 According to my records, the panel members present for
4 commencing at 1:00 p.m., reported stenographically by} 4  this conference call include Dr. James Bonner,
3 Elizabeth Mingione, Registered Professional Reporter § 5 Mr. John Harris, Dr. Hei, Dr. Kriebel, Dr. Lippmann,
6 and Notary Public for the State of Maryland, 6 Dr. Meuberger, Dr. Newman, Dr. Pennell, Dr. Rutledge,
7  Commonwealth of Virginia, and the District of 7 Dr. Salmon, Dr. Sheppard, Dr. Southard and Dr. Walker.
8 Columbia. 8 Did [ miss anyone?
9 9 And of course we have our Chair also,
10 10 Dr. Agnes Kane. Did I miss anyone?
1t 1 DR. GUTHRIE: George Guthrie just joined
12 12 in
13 13 DR. WONG: Thank you. Who else?
14 14 DR. WEBBER: Jim Webber.
13 15 DR. WONG: Thank you. And who else?
16 16 DR. WOSKIE: Susan Woskie.
17 17 DR. WONG: Oh, great. Okay. Okay, We can
{8 JobNo.: 1-218474 18 start,
19 Reported By: Elizabeth Mingione, RPR 19 INTRODUCTORY REMARKS
20 Pages1-127 20 DR, WONG: Good afternoon. I am Diana
21 21  Wong, the Designated Federal Officer or DFO for the
22 22 Science Advisory Board, Libby Amphibole Asbestos
Page 3 Page 5
1 INDEX 1 Review Panel. ! would like to convene this public
2 DESCRIPTION: PAGE 2 teleconference of the panel.
3 Introductory Remarks by Dr. Diana ...... 4 3 Before we start today's discussion, I would
Wong 4 like to provide a short statement concerning the
) Meeting Commencement by Dr. Agnes ... 7 > Fe{jerél Advisory Commi‘twe Adt (}jhe %AB Libby .
5 Kane 6 Amphibole Asbestos Review Panel is a Federal Advisory
6 % & 7 Committee. And by EPA policy it's meetings and
7  PUBLIC COMMENTS: 8§ deliberations are held as public meetings that meet
8 By David Bussard ...cooovcceeien 8 9 the requirements of the Federal Advisory Committee Act
9 By Dr. Elizabeth Anderson .............. 14 10 also known as FACA.
10 By Dr. Moolgavkar ..o i8 i1 Through the charter, Science Advisory Board
1 By Dr. Hoal .ovcvcersorirnnnns 22 12 the panel is empowered by law to provide advice to the
12 By Dr. Jay Flynn oo 25 .. . . .
13 13 administrator. Consistent with the requirements of
14 14 FACA and with EPA policy, the deliberations of the
® &k 15 panel are conducted in public at meetings for if and
s 16 when public notice is given. The discussions and
16 17 substantive deliberations of the panel, its
17 18 interactions with the public and the agency are
18 19 conducted in sections where I as the DFO am present to
;g 20  ensure that the requirements of FACA are met,
21 21 And this mcludes the requirements for open
22 22 meetings, for maintaining records of deliberation of

2 (Pages 2 to 5)
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Page § Page 8
1 the panel, making available to the public summaries of | 1 we will first hear remarks {rom the EPA followed by
2 meetings, and provide opportunities for public 2 the public comments which are limited to three minutes
3 comment. I would fike to note that four members of 3 for each presenter, followed by any questions that the
4 the public have asked to make their own statements. 4 panel will have for each speaker.
5 And there is time on the agenda of this teleconference | § Then we will turn to the discussion of our
6  to hear public comments. & draft report beginning with Section 3.2.5, inhalation
7 I have received three sets of written 7 reference concentration. The major changes that were
8§ comments from the public for the panel's 8 involved in this draft are focused on the section.
9 consideration. These comments and other meeting 9 Andmany of the outside comments as well as questions
10 materials have been posted on the SAB web site. And 1] 10 from EPA deal with this section.
11 also want to note that the status of this panel's 11 And this will probably occupy our
12 compliance of the federal ethics law, the SAB staff 12 discussion for most of the afternoon. Then we will -
13 office have determined that there are no conflict of 13 review the Executive Summary, the letter to the
14  interest or appearance of a lack of impartiality 14 Administrator, followed by a review of other sections.
15 issues for any of the advisory committee members. 5 Are there any questions? Okay. Atthis
16 After this teleconference, minutes will be 16 point | would like to ask Mr. David Bussard from EPA
17 prepared to summarize discussions and action items, anf 17 to summarize their remarks.
18 accordance requirement of FACA. And these minutes | 18 PRESENTATION BY DAVID BUSSARD
19 will be certified by the panel chair once completed. 19 DR. BUSSARD: Thank you, Dr, Kane. First
20 I have already noted the names of the SAB 20 of all, again, our appreciation of the time and
21 panel members participating. We will not ask 21 attention. We can see the drafts converging and
22 representatives of EPA or members of the public to 22 appreciate clarifications that have already been made.
Page 7 Page 8
1 identify themselves. 1 will include in the minutes a 1 The whole team looked at the draft report
2 st of those who directly request the cali-in number 2 and we have a couple things to raise, some of which
3 for this teleconference. If there are others who 3 are kind of nuances of wording and consistency. So
4 would like to have the name included in the minutes, 4 youmay pick them up as you go through making sure all
5 please send me an ¢-mail. 5 the parts are consistent. And a few which I'l flag
6 And i would also like to mention one other 6 were really -- in some cases not quite sure how to
7 point. This is a large conference call, so please put 7 implement a recommendation as we read it.
8 your phone on mute by pressing star 6 when youare 8 I'ff try to go through these quickly. 1do
9 speaking. To unmute, press pound 6, 9 think the first (opic on your agenda is one of the
10 And now | would tike to twn the call over 10  arcas where we have the most interest in hearing the
11 to Dr. Agnes Kane, Chair of the SAB Libby Amphibole f1  discussions and clarifications, so | would not want to
12 Asbestos Review Panel to review the agenda and begin 12 divert you from the agenda that you have got.
13 the teleconference. Dr. Kane. Dr. Kane? 13 The first issue is probably one of in part
14 DR. KANE: Can you hear me? 14 consistency of wording across pieces. We got music
15 DR. WONG: Yes, 1 can heat you. 15 foraminute there, Okay. And! think it's
16 MEETING COMMENCES, CHAIRED BY DR. AGNES KANH 16 explanatory, but it has to do with just being clear
17 DR. KANE: Okay. Good. Thank you very 17 whether the panel has a view on whether LPT is adverse
18 much, Diana, for organizing this. And I would Iike o 18 onits own, whether it's adverse as a predictor --
i9 thank in advance the members of the panel and also 19 - e .
20 acknowledge their hard work in revising this draft 20 (Music is playing on the phone cail)
21 document that we are going to be discussing foday. 21 . -
22 We have & jot to cover this afternoon. And 22 DR. BUSSARD: --isapredictor, isita

g

3 {Pages & to 9)
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Page 10 Page 12

1 predictor controfling for exposure or without -~ 1 offthe table towards the point that we should look at

2 DR. WONG: Excuseme. [ need tointerrupt. | 2 abroader set of models.

3 Please put your line on mute by pressing star 6 if you | 3 Issue 5 is one that we would particularly

4 are not speaking because we can hear music, 4 love to hear some discussion today. And [ think it

5 We can still hear the music. Okay. Sorry 5 tracks with your agenda item. We, as ] understand it,

6 for the interruption, Dave. Just go on. 6 and I'm really representing the team here, I think we

7 DR. BUSSARD: No. That's fine. It was 7 . kind of understand the principle of what's being

8 distracting. [ appreciate that. 8 suggested here but are not totally sure how to

9 So the first issue is just wanting to be 9 implement it.
10 clear from the committee if you have got a view as to | 10 If there get to be issues of a few
11 whether LPT is adverse on its own, whether it impairs] [T (inaudible) mode! on the full set do you carry over
12 lung function, whether it's predictive, controlling 12 the MRE estimate for things that affect that. Do you
13 for exposure, or predictive but not controlling for 13 capture the -- the uncertainty in them. So we'd love
14  exposure. And if you think it's predictive 14 some discussion about really practical advice or
15 controlling for exposure, it would be really helpful 15 references or citations, examples is this -- how to
16 to highlight particutar references that you would cite | 16 implement this and deal with the things that come up.
{7  that would support that. 17 And we have folks that would be happy to answer
18 Issue 3, and I appreciate there's already 18 questions earlier, more the kinds of questions we've
19 been some response to that, we think we captured the | 19 got.
20 information that's available on fiber characterisfics 20 From the ones we labeled six and seven, |

21 study by study in Appendix D. Ifthat's notthe case, |21 think we are -~ we understand what the panel is
22 we'd love to know that and get additional information.f 22 getting at. We looked at the references that were

Page 11 Page 13
I From there I think we can have discussion about how 1 available and while there -- they help explain some
2 much to put in the body of the text and how much to 2 things, we don't think it quite gets us to the point
3 putin the appendix. We'd particularly like to know 3 of understanding how to practically do this. The data
4 - if we've missed some information that would be 4 that sometimes is missing lots of - lots of data
5 available study by study. 5 points are missing, unfortunately.
6 Issue 4, T think we understand what the 6 So we might want some acknowledgment that
7 panel is recommending in terms of allowing for TSFE to] 7 there may be difficulties doing this, and it may not
8 affect the slope and fixing the plateau instead. What 8 be cut and dry how to do this with this kind of a data
9 we would ask for is some thought or clarity about if 9 set. And, similarly, for using the forshay {(sp)
10 even after we do all of that Michaelis-Menten is a 10 inequality approach, at least at this point we
11 better fit, abetter relative fit. 11 undersiand that as way to deal with probability
12 Is there a reason that you would really 12 information, but we are not sure how it folds into the
13 tell us we just cannot use that? And we raise this 13 process of actually -~ (inaudible) -- possible
14 because at least with some of the past modeling that 14 statistical analysis coming up with confidence. Se,
15 we didn't fix the plateau, my recollection is the 15  again, some either recognition that that may be
16  Michaelis-Menten was a much better fit for something | 16 difficult or -- (audible).
17 like 50 AFC points. We don't know what will happen | 17 So that's a fast walk through. We'd be
18 when we rewrite that. 18 happy at the appropriate time to resharpen the
19 And we get the idea of a broader set and 19 question or help in any way, but that's a quick walk
20 keeping some things flexible, but it would be useful 20 through. But, again, great appreciation for what you
21 to clarify if at the end of the day that still was the 21  have done really -- (inaudible) - forward to getting
22 best fit. Is there a reason it really should just be 22 the final report.
4 (Pages 10 to 123)
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Page 14 Page 16
1 DR. KANE: All right. Thank you, I The second point 1 noted in the current
2 Mr. Bussard. We will be addressing vour questions 7 draft is the reference to the lung function deficit
3 after we hear from our public commenters, specifically 3 relationship to LPT. 1think we have challenges here.
4 when we talk about the draft report. And if we omit 4 I noted in my earlier report that the Marysville
5 anything, please do not hesitate to remind us. 5 cohort when it was first published by Lockey in 1984
6 At this point | would like to invite those 6 showed no association between lung function deficit
7 members of the public whe have signed up to present 7 and LPT.
8 public comments, And the first speaker will be 8 The current database on Marysville data is
9 Dr. Elizabeth Anderson. 9 currently lacking lung function data. These data are
10 DR. ANDERSON: Thank you, Dr. Kane. Today |10 expected later this year. So I think it's compeliing
11 1 would like to refer to prior comuments that [ have 11 that we get these data in order to ook at the
{2 made in my Comment Number 1, and coauthored with 12 association critically. As best ] can tell, we have
13 Dr. David Hoal in my Comment Number 2. and aiso point} 13 no single study that combines the ability to evaluate
14 to comments made by Dr, John Desesso and Dr. Larry 14 exposure, the occurrence of LPT and lung function
15 Moore who address specific issues that [ have noted in 15 deficit.
16 the current draft. 16 1 note also with only ten cases of LPT and
17 The first of those issues is the choice of 17 one subcohort of one study we have a very limited
18 the critical endpoint. And the particular language is I8 basis to support the derivation of the RfC. 1 point
19 that localized pleural thickening is predictive of 19  to the particular issue from a current draft because
20 diffuse pleural thickening, asbestosis and lung cancer 20 of the profound applications of the current Jevel.
21 and is a risk factor for all three. The second 21 And, as I noted, the current level is within
22 language | noticed is that the structural alteration 22 background.
Page 15 Page 17
1 of the pleura is associated with reduced lung f In fact, it's at the fower end of
2 function. 2 background as described in the ATSDR document that
3 1 think the scientific content in the prior 3 places urban background at .00001 and rural at .00001.
4 comments piesent some challenges to support scientific] 4 Also this level is - it will become the risk driver.
5 foundations for each statement. One guestion is 5 1It's going to be the risk driver in all cases that the
6 whether these statements are necessary to support the 6 de minimus risk brings for 20 years of exposure or
7 choice available to a critical endpoint, that is if 7 less at the 10-to-the-minus-6 level
8 LPT is not a risk factor for a known predictor. 8§ 1 also note that the sensitivity cancer end
9 {Phone noises making speaker inaudible) 9 the large-scale measurements, when large volumes of
10 DR. ANDERSON: -- BBT, asbestosis and lung | 10  air have been pulled through filters in Libby that
11 cancer are associated with lung function, would it 11 this level is two times higher and had not been
12 still be selected as a critical endpoint. 12 detected by the data. And I noted in this draft
13 EPA's comments address the issue that LPT 13 document the language that says that -- one second -~
14 is primarily a marker of exposure and can occur at 14 the specific language, "In considering other studies,
15 wvarious levels of exposure and is not associated with 15 the appropriate assumption is that LAA fibers have the
16 the levels of exposure necessary to induce diffuse 16 same mechanisms of toxicity and quantitative risk
17 pleural thickening, asbestosis and lung cancer. And 17 relations as that of other asbestos fibers," which
18 it is not on a bjological pathway to these endpoints. 18 goes to the point that the draft RfC if adopted is
19 And by definition they found the parietal pleura and 19 likely to be applied broadly to all asbestos types.
20 not the visceral pleura and, therefore, because of 20 I feel that there are many challenges for
21 this anatomical location unlikely to impair lung 21  this RfC and particularly important in light ofthe
22 function. 22 current focus on EPA and the IRIS database. Thank
5 (Pages 14 to 17)
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rage 18 Page 20
1 you, Dr. Kane. 1 recommending is that two of these parameters, the
2 DR.KANE: Thank you, Dr. Anderson. Do 2 background rate and the plateau we get fixed at really
3 members of the panel have any questions? Okay. 3 what are highly uncertain values derived in
4 Our next public speaker will be 4 populations that may not even remotely resemble the
5 Dr. Moolgavkar. 5 Marysville cohort. | cannot see any justification for
6 DR. MOOLGAVEKAR: Thank you very much,| 6 doing so.
7 Dr. Kane, for giving me this opportunity to speak 7 Then I want to talk just briefly about some
8 today. And forgive me for being blunt, but I think 8 issues arising in the derivation of the inhalation
9 the midnight hour is upon us; and this panel's report 9 unit risk for cancer. With respect to lung cancer,
10 is still replete with foose and inaccurate statements. | 10 the principal issue | think is the clear indication of
il And [ feel that it could come back to embarrass the 11 effect modification by age, or in other words
12 panel at a later date. 12 departures from proportionality of hazards in the Cox
13 So the first point that I want to touch on 13 Proportional Hazards Model.
14 isrelated to the RfC. And it's the same point that 14 Instead of addressing the issue, the agency
15 Dr. Anderson has raised and Mr. Bussard talked about] 15  has swept it under the rug by choosing a small
16 this morning. Idon't perceive any evidence that 16 subcohort. And instead of talking about this issue
17 pleural plaques are predictive of more serious lung 17 which is really quite central to lung cancer risk
18 disease or of pulmonary function deficits because 18 assessment, the panel has actually wasted quite a bit
19 there is no gvidence that conditional on asbestos 19 of time talking about secondary or tertiary issues

20 exposure that there's any association between pleural |20 like whether mesothelioma and lung cancer endpoints

21 plaques and these more serious conditions, 21 areindependent or not. That is really a non issue, a
22 And if the panel knows of good literature 22 total non issue.
Page 19 Page 21
1 supporting this position, they should let the agency ] And, finally, in terms of inaccuracies, in
2 know what this literature is. And I would like to 2 several locations in the revised draft the panel
3 know whether the panel has critically evaluated the 3 refers to linearity of exposure response relationships
4 papers that they are recommending to the agency on 4 for amphibole associated carcinogenesis and even
5 this particular topic. 5 suggesting that there is fimited evidence to support
6 The panel continues to make the ll-advised 6 said linearity. Well, this is really a loose
7 recommendation that all x-ray abnormalities be thrown | 7 statement; linearity of what?
8 together in a single analysis. This is analogous o 8 What is the response they are talking
9 saying that lung cancer and mesothelioma should be 9 about? What is the measure of exposure? If it's
10 analyzed together for the cancer end. And 1 don't 10 cumulative exposure, then there is no evidence of
11 think that anyone should advocate that -- so this isa 11 linearity. There are two mesothelioma models that we
12 poor recommendation as I've been saying for quite some] 12 have: The Hodgson-Darnton model, which can be
13 time. 13 expressed in terms of cumulative exposure --
14 The panel recommends also that the 14 (inaudible) -- and that is nonlinear.
15 Dichotomous Hill model be used instead of 15 We have the Peto-Nicholson model, which
16 Michaelis-Menten model. And I don't think there's any | 16 cannot even be expressed in terms of cumulative
17 more biological justification for the Dichotomous Hill | 17  exposure, that's linear in concentration but nonlinear
18 model and for the Michaelis-Menten model. In fact, it | 18 in duration of exposure. So there's no linearity
19 requires the estimation of four parameter -~ one more 19  here.
20 than the number of parameters estimated for the 20 The Cox model for lung cancer is log
21 Michaelis-Menten model. 21 linear. lt's not linear. Sometimes the excess
22 And what the panel appears to be 22 relative risk model is used. The relative risk is

6 (Pages 18 to 21)
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1 modeled lincarly in that case. However, that is an I function, and we could just as well come up with any
2 exception for lung cancer, and I do not believe that 2 old nonlinear function or simple palm (ph) linear
3 it will fit the data as well as the biologically based 3 regression why there would be a platean at a
4 models such as the two-stage clonal expansion model| 4 particular level. To me that implies then certain
5 Therefore, these loose statements should 5§ individuals are immune no matter what the duration or
6 either be clarified in the draft or they should be 6 propensity of the exposure is. And, therefore, this
7 removed. Thank you very much. 7 is not clear at all how one should be using a plateau
8 DR. KANE: Thank you, Dr. Moolgavkar. So| 8 less than 100 percent.
G far the public commenters have focused their 9 1 didn't see much in the way of discussion
10 discussion on LPT, localized pleurat thickening, and | I0  of BMis and subpleural fat which can be misdiagnosed
11 the derivation of the RfC. And 1 believe that the 11 as pleural plaques, at least using radiographic film
12 last public commenter also will address this issue. 12 asopposed to CT scans, And of course BMI is also a
13 And so [ would like the members of the 13 risk factor for reduced pulmonary function. So you
14 panel to be considering specific responses about the | 14  may have some problems there.
15 LPTand perhaps an additional question for the public] 15 And, finally, I am surprised that we have a
16 commenters after we hear from Dr, Hoal. 16 single small data set is being used o develop aRfC
17 Avre there any other guestions for 17 or an RFD or whatever you want. These are usually --
18 Dr. Moolgavkar? Al right. Twould like to ask the | 18 if you look at a number of animal studies or a number
19 next speaker, Dr. Hoal to talk. 19 of epidemiological studies, you go through your
20 DR. HOAL: Thank you, Dr. Kane. First 20 calculation of NOAELs and come up with your RfCs and
21 thing I have to say has pretty much been said, but] |21 compare them and may end up selecting the value coming|
22 would like to get back to the RIC and the use of the |22 from this, but particular data set as the best but at
Page 23 Page 25
1 LPTas a predictor of supposedly adverse effects, I least see the dependency of the various data sets and
2 That I don't think has been established, and as such 2 the various models that can be used,
3 is purely a marker, I don't know how good it is, of 3 And 1 say 1 agree with the comments that
4  exposure. 4 Dr. Moolgavkar made in his statement about the cancer
5 And that's how I thonght about the good 5 risk modeling and also Dr. Anderson's general
6 markers we have for ionize (ph) and radiation with 6 comments. Thank you.
7 dieentrics and rings on circulating lymphocytes. 7 DR. KANE: Thank you. Do members of the
8 These are markers of exposure, but biologically cannot] 8 panel have a question? Is Dr. Jay Flynn available?
9 progress to the (inaudible) cells will divide. Hear? 9 DR. FLYNN: Yes.
10 DR. KANE: Yes. 10 DR. KANE: You may present now.
11 DR, HOAL: Okay. Now, when it comestothe | 11 DR. FLYNN: Thank you. I'm Jay Flynn,
12 models, we keep tatking about the Hill model and the | 12 medical director of the Libby Medical Program.
13 Michaelis-Menten model which are specific biologicat | 13 My initial comments concern the American
14 models. AndI think they are -- they do niot - or | 14 Thoracic Society ATS document entitled Diagnosis and
15 do not see how they apply to LPT. T am used fo in 15 Inittal Management of Non-malignant Disease Related to
16 maodeling to have things like two-stage clonal 16 Asbestos. This was published in September 2004 in the
17 expansion model in cancer or a muitistage model in 17 ATS Journal.
18 cancer and working off those models. Having a 18 EPA and SAB are relying on the ATS document
19 background and a plateau doesn't really make sense 19 to justify the selection of LPT or plewral plaques as
20 with the definitions of the Michaelis-Menten or the 20 an appropriate endpoint for the derivation of RfC, A
21  Hill model. 21 paragraph on page 705 of this ATS document addresses
22 Now, if in fact we want some nonlinear 22 the issue regarding the effects of pleural plaques on
7 {Pages 22 to 25)
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[ lung function. 1 males, there was a small probably clinically
2 The initial part of this paragraph suggests 2 insigpificant reduction of 4.5 percent.” Conclusion
3 pleural plagues can cause a reduction of five percent 3 is that the decrease in FEC is most likely due to
4 orglossof 140 MLs of FVC. The paragraph then goes| 4 obesity and smoking and is not related to previous
§ on 1o state this has been a consistent -- this has not S asbestos exposure.
6 been aconsistent finding. And longitudinal studies 6 My concluding comments are pleural plagues
7 have not shown a more rapid decrement in pulmonary | 7 are merely markers of previous asbestos exposure and
§ function in subjects with pleural plaques. Three 8 are not a disease pathway to adverse effects or
9 references are cited. 9 directly cause adverse effects. The SAB panet should
10 The paragraph then says, Decrements when 10 revise its opinion that LPT or pleural plaques are an
11 they occur are probably related to subclinical 11 appropriate endpoint io derive the RfC because the
12 fibrosis. In other words, the decrements in pulmonary | 12 scientific literature does not support this position.
13 function are not due to LPT or pleural plaques. The i3 At the EPA teleconference on May 1, 2012,
14 paragraph concludes: Even so, most people with 14 Dr. Lawrence Moore, ahighly respected pulmonologist,
15 pleural plagues alone have well-preserved lung 15 presented public comments and submitted written
16 function. 16 comments entitled "Clinical Background Information and
17 The ATS document cites studies that support 17 Comments on Recent Scientific Publications." And the
18 the hypothesis pleural plaques cause loss of pulmonary | 18  draft EPA report, August 2011 - (phone beeps) -
19 function. However, it also cites studies that provide 19 pointing fo Libby amphibole asbestos.
20 the opposite point of view. Conclusion is that 20 Dr. Moore's comments provided excellent
21 clearly these findings are scientifically inconsistent 21 review of pleural plaques including their clinjcal
22 and should not be used to derive the RfC. 22 effects as well as areview of several pertinent
Page 27 Page 28
1 I would next like to comment on the study 1 papers that the SAB panel may be considering, All
2 Lung Function Radiographic Changes and Exposure 2 members of the SAB panel are urged fo review
3 Analysis of ATSDR data from Libby, Montana, USA, 3  Dr Moore's paper. Thank you.
4 published in the European Respiratory Journal 2011 by | 4 DR. KANE: Thank you. Allright. At this
5 D. Weiletal 5 time does the panel have any questions specifically
6 In this paper, Weil et al. reviewed the 6 for Dr. Flynn? Asmost of these speakers are focusing
7 ATSDR B Reader reports from the medical testing 7 their comments on LPT, | would like to ask members of
8 program in Libby, Montana from 2000 and 2001. 482 8 the panel who have special expertise in this areato
9 participants were identified as haviag a pleural 9 consider these,
10 abnormality on PA chest x-rays by two out of three B 10 Specifically did Drs. Newnian or Redlich
11 Readers. The BMI of this group was 30.3, indicating |11 bave something to add to this?
12 obesity. The FVC percent predicted was 95.63 percent, | 12 DR.NEWMAN: This is Lee Newman. Can vou
13 which falls well within the normal range. 13 hear me?
14 In the discussion of the paper, the 14 DR, KANE: Yes, .
15 following stalements are made: Second paragraph, pagef 15 DR. NEWMAN: Oh, good. T wasn't sure if |
16 382, "Our review of the ATSDR data does notsupport | 16 had the mute on. Yeah. No, ] appreciate the comments
17 the conclusion that pleural changes are associated 17 that have been made today, and I've read the materials
18 with clinically significant reduced lung function.” 18 that were submitied as well.
i9 Last paragraph on 382 states, "There was an 19 We actually spent quite a bit of time going
20 expected detrimental effect on lung function due to 20 through this liferature, and we also spent that time
21 cigarette smoking." Page 383, number 3 states, "With [21 asa group discussing this. I understand that there
22 regard to the effect of pleural plaques on FEC in 22 are people who would have some points of disagreement

8 (Pages 26 to 29)
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1 around some of this literature, but I think the sum of 1 think one of the things that we really need to keep in
2 it leads me the two conclusions: One, the statements 2 mind in this discussion is the point that was just
3 that we've made as far as using the LPT as the 3 made that, you know, this is an adverse pathological
4 endpoint are appropriate. 4 change which is -- (inaudible) -- observable. And
5 The one thing that I would consider us 5 from a public health point of view it's objectionable
6 discussing further as a group here is the use of the 6 inits own right because of that.
7 word predictive. It sounds like people have gotten 7 You know if you ask the average person in
$ hung up on thatterm. And, you know, I think we could] 8 the street is it all right for you to have these
9 have a little discussion around whether we shoulduse | 9  pathological changes in your body, they would probably
10 that term or use a term such as “associated with” as 10 say, no, itisn't. And that is the basis for the risk
It opposed to “predictive” when it comes to discussing 11 assessment that it's an adverse effect in its own
12 the relationship of the Jocalized pleural thickening 12 right. Whether it has mechanistic implications or
13 to other asbestos-related endpoints, But otherwise ] 3 whether it has associations or predictions or other
14 wouldn't be recommending any other changes in the 14 effects is an interesting question from the scientific
15 document. 15 and clivical points of view. But from the risk
16 DR. KANE: Thank you, Dr, Newman. We will | 16 assessment points of view I think we need to simply
17 be discussing that in more detail when we get to that 17 say that, you know, this is a wonderful discussion to
18  specific question fifom EPA. 18 have, but the bottom line is we are looking at an
19 Dr. Redlich? 19 adverse pathological change, and that that is --
20 DR, REDLICH: Yes. Carrie Redlich. 1 20 because that is adverse and clinically observable,
21 agree with Lee Newman. 21 it's an appropriate endpoint to use for the risk
22 DR.KANE: Aliright. As apanel member, 22 assessment purpose,
page 31 Page 33
1 not the chair, I would also like to offer my opinion. 1 And the, you know, the question about
2 1 am aboard-certified anatomic pathologist. And when} 2 mechanisms and clinical outcomes and whether it's
3 Iamconfronted with a patient at autopsy or a lung 3 associated or predicted, 1 mean, as an aside T will
4 biopsy specimen or a lung resection specimen, the 4 say I prefer the word "associated” because i doesn't
5 presence of pleural plaques would be listed on my 5 make an assertion which we don't actually need to make
6 pathologic anatomic diagnoses. It is a pathologic 6 in order o achieve the risk assessment process that
7 abnormality, 7 we are aiming for.
8- DR.REDLICH: 1 would just add one other g So, anyway, I -
9 commenti. | think part of this confusion relates to 9 DR, REDLICH: [ agree with all of that,
10 the difference between a clinical practice and 10 DR. MOOLGAVEAR: Can I respond to that,
11 epidemiology studies and what we consider, you know,j 11 Dr. Kane?
12 an endpoint such that -- (inaudible) -- a biologically i2 DR.KANE: Yes,
13 relevant endpoint even if it is not favorable or is 13 DR. MOOLGAVKAR: Ifthat is the way -~
14 not -~ because that question has been asked. And so 14 DR. KANE: Please identify yourself,
15 the comments that it usually is not associated with 15 DR, MOOLGAVKAR: Yes. Thisis
16  severe -- I don't believe the severity of the lung 16  Dr. Moolgavkar. 1f that is the way the panel feels,
17 abuse (ph). I think the question is is it a relevant 17 then it should clearly state that. Thatis not what
18 health endpoint. 18 the current report reads.
19 DR. KANE: Thank you, Dr. Redlich. Do 19 It says it's predictive. And that has
20 other members of the pane{ have any thoughts on this | 20  quite a different meaning than saying that it by
21 issue? 21 itself is a pathological endpoint and we are taking
22 DR. SALMON: This is Andy Salmon here. I |22 that into consideration when we derive an RfC based on
9 (Pages 30 to 33)
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charge questions under this section. And specifically
the panel in our revisions made several changes, All
right.

So before we get to that, § am going to
return to the issue on page 19. And that was the
issue on localized pleural thickening as the critical
effect for derivation of the RfC. After this point is
the time to ask the panel members to consider how we
worded this in terms of using the terms "predictive”
versus "associated with®. And can we reach a
consensus on whether we should edit this to use one
term versus the other?

DR. NEWMAN: This is Lee Newman. Can you
hear me?

DR.KANE: Yes,

DR. NEWMAN: Yes. I would propose that we
change it from the word "predictive" to "associated
with" and just put that on the table here, | think
that Dr. Salmon's point is well-taken one, that we
don't actually need that to make the - in fact help
support the case that EPA has made for using this as
our endpoint.

page 37

And so I think that's just a nice way of
taking that away as, you know, it's sort of an
unnecessary sideline issue that we can change by
changing to the words "associated with",

DR. KANE: Allright. Do other members of
the panel have questions, comments?

DR. BONNER: This is Jamie Bonner. Can you
hear me?

DR. KANE: Yes,

DR. BONNER: I would just second Lec's
recommendation.

DR. KANE: Excellent. Any other alternate
suggestions, questions from members of the panel?

DR. PETO: This is Julian Peto, Can you
hear me?

DR. KANE: Yes, hello.

DR, PETO: Oh, bt. | wonder, | mean, as
this is such a major issue which people have been so
critical of and nobody's challenging the assertion
that there isn't actually scientific evidence of
substantial cause and effect, I do agree with, I mean,
Dr. Moolgavkar's point that if that's what we are

10 (Pages 34 tc 37)
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i that i
2 I think that should be clearly stated. 1 2
3 don't think that the panel should be making these 3
4 kinds of loose scientific statements about 4
5 predictions. 5
6 DR. KANE: [ think -- I think I would like 6
7 toclarify something, that this is not a loose use of 7
8 aterm. Ithink that we have a problem here and that 8
9 the panel is a group of experts from many different 9
10 fields. And the word predictive means something 10
11 different in an epidemiologic context than it would in 11
12 aclinical context. 12
13 And we will be discussing very shortly 13
14 about whether we should change "predictive" to 14
15 “associated with,” as that is one of the purposes why 15
16  we are having this coriference call to make final 16
17 recommendations and changes in the draft document. So} 17
1&  we will be considering that change in great detail 18
19 very shortly. Thank you. 19
20 Does any other members of the pane} have 20
21 any comments or guestions? Mr. Bussard? Do you havej 21
22 any specific comments or questions at this poin(? 22
Page 35
1 DR. BUSSARD: Iam good. Thank you. 1
2 DR. KANE: Okay. We will be addressing EPA} 2
3 specific remarks very shortly. All right. [fthere 3
4 are no more questions or comments, at this point | 4
5 would like to thank the public speakers, the public 5
6 commenters, and we will now return to the panel’s 6
7 draft - discussion of the draft report. 7
8 We are going to begin with the section 8
9 which has where there were little substantive changes | 9
10 were made earlier, Section 3.2.5 on the RfC. Andin 10
11 our deliberations this afternoon, because we have a 11
12  lotto discuss, I would like to advise the panel to 12
13 only consider major changes in the wording. 13
14 [fthere are only very simple typographical 14
15 errors, they will be corrected. We've received some 15
16  of your written comments, but we will be discussing 16
17 substantive changes, and particularly focusing on 17
18 questions where the EPA raised points for 18
19 clarification as specific questions. 19
20 So we will start now on -- see what the 20
21 question is here -- all right. 'We'll start on page 21
22 25. This is Section 3.2.5.1. And therc were several 22
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1 saying we should be explicit about it I think is a 1 DR. SALMON: There's a fairly clear
2 fair one. 2 statement in 2 number of documents about really the
3 And 1 just wonder whether how much 3 appropriate methodology for non-cancer risk
4 difference it would make. I mean how difficult would] 4  assessment, including specification of degrees of
5 it be for the EPA to base an RfC on the cancer 5 severity and effect. And one of the critical things
6 endpoint and say that we feel that thisisa 6 which is looked for is indicating that the clearly
7  substantial pathological change in its own right. And | 7 adverse effect is an irreversible pathological change
8§ sothe REC's been calculated on that basis. Butit 8 in the structure of an organ or organ system.
9 would be possible to calculate an RfC on the basisof | 9 And this clearly qualifies as that, It
18 cancer alone and that would be the alternative value. | 10 meets the criteria which are used in risk assessment
I I mean that would seem a reasonable 11 for definition of an adverse effect in its own right.
12 compromise because I do rather feel that, I mean, they] 12 And that {s entirely consistent with what has been
13 have made quite a strong case that we were asserting | 13 done in other context in risk assessment.
14 something that wasn't scientifically supported. And | 14 Now, there are a lot of interesting
15 todeal with it by changing predictive to associated 15, questions around the clinical significance of this and
16 without being absolutely explicit about what weare | 16 how -- the degree to which it's associated with -- may|
17 doing and why we are doing it seems rather 17 progress to or otherwise be related to other
18 satisfactory. 18 endpoints, but those are not questions which we
19 DR, SALMON: Andy Salmon here. 1don't 19 necessarily have the information to answer in this
20 think that we have been unclear about the view that |20 specific context. And my point is that we don't need
21 the LPT is an adverse endpoint in its own right and 21 to, and we haven't said that we need to.
22 that that was an appropriate basis of an RfC. Ithink |22 DR. PETO: But do you think the-suggestion
Page 39 Page 41
1 the unfortunate implication that we were saying 1 that it would be useful to say if the RC based on
2 something other than that is something which has been | 2 cancer would be, do you think it would be
3 sort of corrected by imputation rather than anything 3 inappropriate to put that in?
4 that we intended to imply at any point. 4 DR. NEWMAN: This is Lee Newman. [ don't
5 And I think to some extent the critics of 5 think that that's an appropriate direction to go at
6 the proposed RfC have seized on this as an obvious 6 this time, to answer your question. If's, you know,
7 point of confusion or weakness, but it's not one that 7 certainly the people who have provided comments have;
8 was present in our original discussions to my 8 done their best to make the case that there is some
9 recollection. 9 clinical dispute here in the literature,
10 DR. KANE: Thank you. 10 In fact, } think the literature stands and
11 DR. PETO: Is it the case that other RfCs 11 our review of it stands, that this - that the
12 have been based on science as distinet from symptoms?} 12 localized pleural thickening is an adverse and
13 I mean if the -~ | mean, you know, don't get info a 13 critical effect. And so [ don't think that we need to
14  great long semantic argument but, [ mean, if itsa 14 go on the path of suggesting that we need an
15 clinical sign which 1s detectable by an examination 15 alternative such as cancer.
16 but it doesn't have health consequences in the iu the 16 DR. KANE: Does EPA have any comments on
17 wvormal sense. 17 this?
18 DR. SALMON: This is risk assessment not 18 MALE SPEAKER: I think you are in the right
19 clinical medicine. And otie of the -- 19 frack that what we are looking for is guidance is it
20 DR. PETO: Just to be clear about, I mean, 20  an adverse effect in and of itself, and then being
21 if # really is driving the RfC then what's a very 21 carefu] that if you make statements about it being
22 clear statement about what - 22 predictive or associated with something else, that

11 (Pages 38 to 41)
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I that be a separate statement so that these things are | 1 DR. KANE: Do members of the panef —
2 sort of sequentially clear. Is it an adverse effect 2 UNIDENTIFIED MALE SPEAKER: [ think clarity
3 inand of itself. 3 onthat would be very helpful, I would agree.
4 Do | make a statement about whether if's 4 DR. NEWMAN: So this is Lee Newman, You
5 associated with other effects. But to sort of make S are suggesting something stronger than what's on page
6 those two separate questions is very helpful, 6 19, line 13, where it says, radiographic evidence of
7 DR, VU: All right. Agnes, thisis 7 localized pleural thickening in humans is the
8 Vanessa. May ] provide some information? § appropriate adverse and critical effect for the
9 DR. KANE: Yes, 9 derivation of the RfC; you want to add something else
10 DR. VU: So the agency's derived the 10 right after that? Is thar whal you are saying.
{1 reference concentration for non-cancer health 11 DR. SHEPPARD: No. 1 was suggesting
12 endpoints and what Julian, when you raised the point] 12 because the paragraph people seem to be struggling
13 of whether the agency should consider an RfC for 13 with is the next one where that issue is brought up
14 cancer, so the agency's general process for assessing | 14 again, but then it goes on to talk about how it's
15 cancer risk is use what -- is considering the method |15 related to the other health outcomes, and that seems
16 to develop the inhalation cancer unit risk. Andthe |16 to be getting blended in a way that seems 0 be
17  RfC is mainly for the non-cancer health end points. |17 causing problems.
18 Soljust hope that's clear. 18 And so basically taking that, you know,
19 DR. KANE: Thank you, Vanessa. I that 19 taking some version of that, of whaf's said on line 13
20 helps I think clarify that point, 20 and inscrting it there on line 23 might help with
21 DR. HEL: So, Agnes? This is Tom from 21 making that distinction. So jt -~ what I'm
22 Columbia University. 22 understanding from this conversation, there's two
Page 43 Page 45
1 DR. KANE: Yes. 1 points,
2 DR. HEL 1 think Vanessa clarificd the 2 One is that it's an averse effect for in
3 issues, and based on the discussion that we have, It 3 and of itself because of the way risk assessment is
4 is perhaps a little unfortunate to choose a word 4 defined and the pathofogical changes. And then in
5 predictive which by itself has implication for a 5 addition it's associated with other health outcomes.
¢ mechanistic or pathological pathway which at the 6 And --and I -- my understanding is those are being
7 moment that doesn’t want seem to support that, 7 blended in a way that's kind of the message is being
8 So the words "associate with" tends o 8 misinterpreted.
9 bypass all these complications and put us back on the 9
10 right track. So I think that the previous suggestion 10 DR. REDLICH: Yes. This is Carrie Redlich.
It 10 remove that and change the words and probably will | 11 1 think we are all pretty clear. I think for time's
12 bevery helpful at this moment, 12 sake we could quickly edit this second paragraph.
13 DR. KANE: Thank you, Tom. Any other i3 DR. KANE: All right, Carrie. You want to
14 members of the pane! have any comments at this point? | 14 give that a shot?
15 DR. SHEPPARD: Yeah. This is Lianne 15 DR. REDLICH: Yes. Butrather not with
16 Sheppard, Following up on this discussion on line 23 16 this group on the phone.
17 ofpage 19, it may be helpful to EPA if we had a 17 DR. KANE: [ agree with you, but I think we
18 senfence that says something to the effect of this is 18 all understand, at least I think from the members of
19  an adverse effect in and of itself, just to be 19  the panel and from my point of view I understand what
20 completely clear. Maybe the wording could be enhanced | 20 the issues are. And so Carrle will work and try to
21 to recognize the risk assessment aspect of that 21 clarify the sentence on page -- on line 23, LPT is a
22 definition, 22 structural pathological alteration of the plewra,

12 {Pages 42 to 45)
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1 Perhaps somewhere in there saying a adverse effect. 1 problems with it, I think we can deal with it that
2 And then the lines 25 and 26 that taik 2 way. And then we'll ask EPA or refer to EPA’s
3 about the association of LPT with other 3 questions specifically because that's the most
4 asbestos-related diseases as it's listed. And [ think 4 important consideration here.
5 throughout this document and also as the EPA requested| 3 DR. SHEPPARD: I think we need discussion
6 in its question number 1 in the letter to the 6 about their items number 4 and 5. And there may need
7 administrator, the Executive Summary and any other 7 1o be some changes as a resulf of those.
8 place in the document, we should replace the word 8 DR. KANE: Yes. Right now we are on, yes,
9 “predictive” with "associated with". 9  we'll be moving to those shortly after we are covering
10 And 1 think that should clarify this issue. 10 this section.
11 s that clear to members of the panel? Any other 11 DR, SHEPPARD: Okay.
12 questions or suggestions? 12 DR. KANE: Okay. So before we get to your
13 DR. HEI: ] thought it's pretty fair. 13 guestions four and five, Mr. Bussard, do you have any
14 DR. KANE: Okay. So, Carrie, you have an 14 other questions on this section, particularly with
15 action item there. And I'm sure that we can clarify 15 respect to charge questions 1, 2, 3, 4 rand 67
16 this. And Ithink these were very important points. 16 MR. BUSSARD: Other than the questions we
17 I'm glad that EPA brought it to our 17 have that articulate the question 3 -- I mean and the
18 attention, the confusion by using these terms. 18 pages cited 28 through 31 or so, no. Thank you.
19 Mr. Bussard, {s that clear also. 19 DR. KANE: Oi(ay.' Okay. Excellent.
20 DR. BUSSARD: ‘| think we are clear. Thank 20 DR. LIPPMANN: Mort here. Are you going to
21 you. 21 gotolssue 3?7 .
22 DR. KANE: Excellent. Excellent. All 22 DR.KANE: Yes, we will, but we'll do that
Page 47 ) Page 49
I right. So that takes care of that item. 1 after we are done with the RfC and JUR.
2 All right. Now, we'll go back to Section 2 DR. LIPPMANN: Okay.
3 3.2.5 beginning on page 25. There were significant 3 DR. KANE: Don't worry. We are not
4 changes in the panel's draft with respect {o questions 4 forgetting you, because some members of the panel
5 1,2,3,4and6, 5 cannot stay through the whole conference call. And
6 So do any members of the panel have - any 6 these are the most substantive changes in the
7 of your review have you found any substantive issues 7 document,
8 that need further discussion or modification? 8 All right. So there is a question now that
9 DR. SHEPPARD:: Are we going to go through 9 we can deal with, There seems to be a question, a
10 these line by line or do you want us just -- I mean 10 response to Question 1. There's some confusion, a
11 question by question? Because we should probably make] 11 little bit of confusion about the use of arithmetic --
12 sure that we respond fo these specific ifems that EPA 12 geometric means versus arithmetic means. And in --
13 addressed. 13 Jason (7), do you have any comments on that one,
14 DR. KANE: That's what I was coming to 14 Question 1A and 1B7
15 next. We are not going to go through it line by line. 15 UNIDENTIFIED FEMALE: 1 didn't -- what --
16 I expect that members of the panel have reviewed this 16 I'mnot picking up where the confusion is. Ididn't
17 draft document and reviewed our changes. And -- 17 see that in the EPA notes. I thought the panel had
18 DR. SHEPPARD: I'm sorry. I meant question 18 discussed this and coneluded what the -- with what the
19 by question. 19  cuwrrent draft. Oh, I'm -
20 DR. KANE: Right. Question by question. 20 DR. KANE: Diana, can you help us with
21 We can do that if you wish but if have, you know, if 21 this? Where specifically does this issue come up?
22 people have done this, their homework and have no 22 DR, WONG: Well, you are referring to the

13 {(Pages 46 to 49)
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DATE

EPA-SAB...

The Honorable Lisa P. Jackson
Administrator

U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, N.W.
Washington, DC 20460

Subject: Review of EPA’s Draft Assessment entitled 7t oﬁcz‘cologicai Review of Libby
Amphibole Asbestos (August 2011)

Dear Administrator Jackson:

EPA’s Office of Research and Development (ORD) requested the Science Advisory Board
(SAB) to conduct a peer review of EPA’s draft Integrated Risk Information System (IRIS)
assessment, entitled Toxicological Review of Libby Amphibole Asbestos (August 2011). The draft
document is the first IRIS assessment specific to Libby Amphibole asbestos (LAA), a term used
to refer to the mixture of amphibole mineral fibers of varying elemental composition that have
been identified in the Rainy Creek complex near Libby, MT. In response to ORD’s request, the
SAB convened an expert panel to conduct this review. The SAB Panel was asked to comment
on the scientific soundness of the hazard and dose-response assessment of LAA~induced cancer

and non-cancer health effects.

The SAB finds the EPA’s draft assessment to be comprehensive and generally clear, logical, and
well written. We have provided recommendations to further enhance the clarity and strengthen

 the scientific basis for the conclusions presented. The SAB responses to the EPA’s charge

questions are detailed in the enclosed report. SAB major comments and recommendations are
provided below:

s The SAB supports the derivation of an inhalation reference concentration (RfC) based on
radiographic evidence of localized pleural thickening in an oceupationally exposed
Marysville OH cohort. The SAB finds the selection of the subcohort of 118 workers who

. began work in 1972 or later when exposure data were available and who had X-ray
exams, with the full cohort of 434 workers used for confirmatory analyses to be clear and
reasonable. However, the SAB finds that additional analyses are needed to strengthen
and support the RfC. The SAB recommends that EPA include any X-ray abnormalities
(localized pleural thickening, diffuse pleural thickening, or asbestosis) as the health
outcome. The SAB also recommends that EPA conduct confirmatory analyses (o the
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extent data permit) of pleural abnormalities using the recently published studies on the
Libby workers cohort and the Minneapolis Exfoliation community cohort.

The SAB agrees that localized pleural thickening has the appropriate specificity, and has
a measurable relationship to altered lung function, and is a structural pathologic
alteration of the pleura. The presence of localized pleural thickening itself'is predictive
of risk for other asbestos-related diseases, including asbestosis, mesothelioma and lung
cancer. The SAB has identified and provided the EPA with additional references and
recommends that the agency to conduct a more detailed review of the literature to further

support this conclusion.

For exposure-response modeling of non-cancer endpoints, the SAB recommends that a
clearer description be provided of how the “best” model was chosen. The SAB also
recommends examining other exposure metrics besides the simple cumulative exposure,
such as time weighting of exposures. In addition, more justification is needed for the
selection of 10% extra risk as the benchmark response which is not consistent with

EPA’s guideline for epidemiological data.

- A composite ﬁncertainty factor of 100 was applied to the point of departure to obtain the

RfC. The SAB supports the intraspecies uncertainty factor of 10 to account for human

‘variability and sensitive subpopulations. However, the SAB recommends that the EPA

consider additional data and analysis for the application of'a database uncertainty factor

“of 10.

The SAB agrees that the weight of evidence for LAA supports the descriptor
“Carcinogenic to Humans by the Inhalation Route”, in accordance with EPA’s
Guidelines for Carcinogen Risk Assessment. The SABs also supports the EPA’s
conclusion that there is insufficient information to identify the mode of carcinogenic
action of LAA, and therefore the default linear extrap()latién at low doses is appropriate.

The SAB supports the selection of the Libby worker cohort for the derivation of the

inhalation unit risk (IUR) and agrees that the use of the subcohort post 1959 for

. quantification is reasonable due to the lack of exposure information for many of the

earlier workers. The SAB finds the use of lung cancer and mesothelioma as endpoints to
be appropriate for the derivation of the IUR. However, the SAB recommends a more
detailed discussion on how the use of mortality data rather than incidence data may have
resulted in an undercount of both cancer outcomes.

‘The SAB agrees that the agency clearly described the methods they selected to ¢onduct

the exposure-response modeling for lung cancer and mesothelioma. However, the SAB
suggests that the agency provide a broader justification for its choice of statistical models
to characterize the exposure response function, The SAB recommends that the Agency
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evaluate the time dependence of disease by providing tabulation of mesothelioma
mortality rates and lung cancer standardized mortality ratios by time since first exposure,
duration of exposure, and period of first exposure for both the full and subcohort.

There are several competing models- Weibull, and the two stage clonal expansion
(TSCE) - that could have been used instead of or in addition to the Poisson and Cox
models that might have provided very different estimates of risk, but these are not
discussed in the document. Use of the TSCE model, for example, could allow for a more
direct evaluation of, and possibly justification for, age-dependency of the JUR.

The SAB believes the agency has been overly constrained by reliance on model fit
statistics as the primary criterion for model selection. The SAB recommends graphical
display of the fit to the data for both the main models and a broader range of models in
the draft document to provide a more complete and transparent view of model fit.

The EPA has summarized many sources of uncertainty, sometimes quantitatively, as well
as the direction and magnitude of the likely impact of each source of uncertainty.
However, the SAB identifies an important source of uncertainty, namely, model
uncertainty, that might not be accounted for in the use of the 95% upper confidence limit
on the inhalation unit risk JUR) and the combined IUR. The SAB recommends that a
more straightforward and transparent treatment of model uncertainty would be to
estimate risks using a more complete set of plausible models for the exposure-response
relationship, including the Cox and Poisson models. This sensitivity analysis, while not a
full uncertainty analysis, would make explicit the implications of these key model

choices.

The SAB appreciates the opportunity to provide the EPA with advice on this important
subject. The SAB urges the agency to move expeditiously to finalize this IRIS document
for Libby Amphibole Asbestos. We look forward to receiving the agency’s response.

Sincerely, v

iii
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believes additional analyses/cohorts are needed to strengthen and support the RfC. The SAB suggests
that EPA include any X-ray abnormalities as the outcome (localized pleural thickening (LPT), diffuse
pleural thickening (DPT), or ashestosis). The SAR also suggests that the EPA conduct analogous
analyses (fo the extent the data permit) of pleural abnormalities among the Libby workers cohort
(Larson et al.,2012), and the Minneapolis Exfoliation Community cohort (Adgate et al.,2011; Alexander

etal 2012},

The SAB agrees that the radiographic evidence of localized pleural thickening (ILPT) in humans is the
appropriate adverse critical effect for the derivation of the RfC. LPT has the appropriate specificity and
is not confounded by cigarette smoking. It is physiologically important due to its measurable
relationship to altered lung function, and is a structural, pathologic alteration of the pleura. The reported
findings are compatible with the animal data showing tissue injury and inflammation. Moreover, the
presence of LPT itself is predictive of risk for other asbestos-related diseases, including asbestosis,
mesothelioma and lung cancer, a point that the EPA should include as well. However, the SAB has
identified additional relevant publications and a more detailed review of the literature is needed to

further support this conclusion.

Use of Animal and Mechanistic Studies

In general, the SAB finds the laboratory animal studies listed in Tables 4-15, and 4-16 and summarized
in Appendix D to be appropriate and complete. Laboratory animal studies using a variety of non-
inhalation routes of exposure have been used to ascertain the potential fibrogenic and carcinogenic
potential of the LA. While inhalation is regarded as the most physiologically relevant mean of fiber
exposure in animals, there is no published study using this route of exposure in experimental animals.
Therefore, the deposition of particles and fibers cannot be adequately addressed. However, inhalation
studies have been conducted with tremolite. The relative potency of inhaled LAA should be compared
with that of tremolite to add new information for refining the RfC for LAA.

Limited mechanistic studies using /n vitro assay systems have utilized non-specific endpoints (e.g., pro-
inflammatory cytokines, enzyme release and oxidative stress markers), and will probably not shed much

light on the mechanisms of LAA-induced disease.
Carcinogenicity
Weight of Evidence Characterization

The SAB agrees that the weight of evidence for LAA supports the descriptor “Carcinogenic to Humans
by the Inhalation Route”, in accordance with EPA’s Guidelines for Carcinogen Risk Assessment
(USEPA,2005). The occupational studies showed dose-related increased risks of lung cancer and
mesothelioma among workers exposed by inhalation, although the numbers of cases are small,
particularly in the sub-cohort used from the Marysville, Ohio plant that had lower estimated levels of
exposure. The case series in the community, while supportive, does not provide the same level of
evidence for an association, or for the strength of the association. Effects from short term intra-tracheal
instiliation studies in mice and rats include altered gene expression, collagen induction, and :
inflammatory response, and are consistent with the early-stage pathological change induced by other
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2. Radiographic evidence of localized pleural thickening in humans was concluded by EPA o0 be an
adverse effect and was selected as the critical effect for the derivation of the RfC. Pleural thickening is
associated with restrictive lung function, breathlessness during exercise and, for some individuols,
chronic chest pain. Please comment on whether the selection of this critical effect and its
characterization is scientifically supported and clearly described. If a different health endpoint is
recommended as the critical effect for deriving the RfC, please identify this effect and provide scientific

support for this choice.

The selection of radiographic evidence of localized pleural thickening (LPT) in humans is the
appropriate adverse effect and critical effect for the derivation of the RfC. This is well supported by the
lines of evidence presented in section 4.1.1.4.2. The section is scientifically supported and clearly
described although, as described below, the SAB believes additional evidence is available and to further

support this view and should be reported.

While other health endpoints might have been considered candidates for the critical effect for deriving
the RfC, such as diffuse pleural thickening and small opacity profusion, none is superior to localized
pleural thickening. LPT is found at a significantly elevated prevalence in the community of exposed
individuals. Localized pleural thickenirig has the appropriate specificity and is not confounded by
cigarette smoking. LPT is physiologically important due to its measurable relationship to altered lung
function, LPT is a structural, pathologic alteration of the pleura. The findings reported in this section are
compatible with the animal data showing tissue injury and inflamimation. Additionally, the presence of
LPT itself is predictive of risk for other asbestos-related diseases, including asbestosis, mesothelioma
and lung cancer, a point that the EPA should include, as well. The SAB discussed that while it fully
agrees with the merits of using LPT detected by chest radiograph and CT scan as the appropriate adverse
effect and critical effect for the derivation of the RfC, this approach should not preclude EPA from using
more sensitive diagnostic techniques that may identify earlier or more specific pleural changes in the

future

Due to the landmark action of developing an RfC for LAA, the SAB discussed the need for the
inclusion of a more detailed review of thie literature to support the presence of a relationship between
localized pleural thickening and both pathologic and physiologic abnormalities. There is additional
literature that addresses and demonstrates the relationship between LPT and restrictive lung function
that should be included. Published studies suggested by the SAB (Clin et al., 2011; Paris et al., 2009,
Lilis et al., 1992) should be considered and include those referenced in the American Thoracic Society
(ATS) Statement entitled, Diagnosis and Initial Management of Nonmalignant Diseases Related to
Asbestos: Official Statement of the American Thoracic Society, (ATS,2004) (Miller et al., 1992; Miller,
2002; Schwartz et al., 1990; Jarvolm and Sanden, 1986; Hjortsberg et al., 1988; Oliver et al., 1988;
Bourbeau et al., 1990; Ohlson et al., 1984; Ohlson et al., 1985; Sichletidis et al., 2006; Van Cleemput et
al., 2001; Whitehouse (2004; Wilken et al., 2011). Consistent with that Statement, it is the view of the
SAB that large cohort studies have shown a significant reduction in lung function, including diminished
diffusing capacity and vital capacity attributable to LPT. The SAB also recommends that the EPA
provide a more thorough review of the physiologic relationship between LPT found on chest x-ray and
CT scan and lung function, not limiting itself to Libby amphibole asbestos.

The SAB also suggests that the EPA consider looking at LPT, DPT and small opacity profusion score
together as an outcome. There is evidence that LPT is not always the first adverse effect that is detected

18
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1. Introduction

The U.S. Environmental Protection Agency’s {EPA) Integrated Risk Information System {IRiS})
Program develops human health assessments that provide health effects information on
environmental chemicals to which the public may be exposed, providinga critical part of the
scientific foundation for EPA’s decisions to protect public health. In April 2011, the National
Research Council (NRC}, in their report Review of the Environmental Protection Agency’s Draft IRIS
Assessment of Formaldehyde, made several recommendations to EPA for improving IRIS
assessments and the IRIS Program. The NRC’s recommendations were focused on Step 1 of the [RIS
process, the development of draft assessments. Consistent with the advice of the NRC, the IRIS
Program is implementing these recommendations using a phased approach and is making the most
extensive changes fo assessments thatare in the earlier stages of the IRIS process.

Background on IRIS

RIS human health assessments contain information that can be used to support the first two steps
(hazard identification and dose-response analysis) of the risk assessment paradigm. IRIS
assessments are scientific reports that provide information on a chemical’s hazards and, when
supported by available data, quantitative toxicity values for cancer and noncancer health effects.
IRIS assessments are not regulations, but they provide a critical part of the scientific foundation for
decisions to protect public health across EPA’s programs and regions under an array of
environmental laws (e.g, Clean Air Act, Safe Drinking Water Act, Comprehensive Environmental
Response, Compensation, and Liability Act, etc). EPA’s program and regional offices combine IRIS
assessments with specific exposure information for a chemical. This information is used by EPA,
together with other considerations (e.g, statutory and legal requirements, cost/benefit information,
technological feasibility, and economic factors), to characterize the public health risks of
environmental chemical and make risk management decisions, including regulations, to protect
public health. IRIS assessments are also a resource for risk assessors and environmental and health
professionals from state and local governments and other countries. Figure 1 illustrates where IRIS
assessments contribute information within the risk assessment and risk management paradigms.
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1 Adapted from the Naticnal Research Council risk assessment risk management paradigm {(NRC 1983},

Figure 1. Risk Assessment Risk Management Paradigm {adapted from the National Research Council’s paradigm,
1983). The red box shows the information included in IRIS assessments,

II. Charge to the NRC Expert Panel

In April 2012, EPA contracted with the NRC to conduct a comprehensive review of the IRIS
assessment development process. The panel will review the IRIS process and the changes being
made or planned by EPA and will recommend modifications or additional changes as appropriate to
improve the process, and scientific and technical performance of the IRIS Program. The panel will
focus on the development of IRIS assessments rather than the review process that follows draft
development. In addition, the panel will review current methods for evidence-based reviews and
recommend approaches for weighing scientific evidence for chemical hazard and dose-response
assessments.

[II. Overview of EPA’s Implementation of NRC's Recommendations

EPA agrees with the NRC’s 2011 recommendations for the development of IRIS assessments and
plans to fully implement the recommendations consistent with the NRC panel’s “Roadmap for
Revision,” which viewed the full implementation of their recommendations by the [RIS Program as
a multi-year process. In response to the NRC's 2011 recommendations, the IRIS Program has made
changes to streamline the assessment development process, improve transparency, and create
efficiencies within the Program. The following sections outline the NRC's 2011 recommendations
and provide an overview of how the IRIS Program is implementing the NRC’s general and specific
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recommendations.

changes that have been made and will be made in

response to the recommendations are provided in Appendices to this report.

Inaddition, chemical-specific examples demonstrating how the IRIS Program is currently
implementing the NRC's 2011 recommendations have also been provided to the panel {see
additional document provided, Chemical-Specific Examples Demonstrating Implementation of NRC’s
2011 Recommendations). The examples cover literature search and screening, evaluation and
display of individual studies, development of evidence tables, evidence integration, selecting
studies for derivation of toxicity values, dose-response modeling output, and considerations for
selecting organ/system-specific or overall toxicity values. The examples are notto be construed as
final Agency conclusions and are provided for the sole purpose of demonstrating how the IRIS
Program is implementing the NRC recommendations.

NR(’s General Recommendations and Guidance

®

NRC Recommendationst:-

' Ensure standardization of review and evaluation approaches among contributors and teams of

To enhance the clarity of the document, the draft IRIS assessment needs rigorous editing to reduce the
volume of text substantially and address redundancies and inconsistencies. Long descriptions of particular
studies should be replaced with informative evidence tables. When study details are appropriate, they
could be provided in appendices. . :

Chapter 1 needs to be expanded to describe more fully the methods of the assessment, including a
description of search strategies used fo identify studies with the exclusion and inclusion criteria articulated
and a better description of the cutcomes of the searches and ciear descriptions of the weight-of-evidence
approaches used for the varlous noncancer outcomes. The committee emphasizes thatitis hot
recommending the addition of long descriptions of EPA guidelines 1o the introduction, but rather clear
concise statements of criterla used to exclude, include, and advance studies for derivation of the RfCs and

unit risk estimates.
Elaborate an-overall, documented, and quality-controlled process for IRIS assessments:

contributors; for example, include standard approaches for reviews of various types of studies to ensure

uniformity.
Assess disciplinary structure of teams needed to conduct the assessments.

Implementation:

» New Document Structure

implemented

In their report, the NRC recommended that the IRIS Program enhance the clarity of the document,
reduce the volume of text, and address redundancies and inconsistencies. To improve the clarity of
IRIS assessments, the IRIS Program has revised the assessment template to substantially reduce the
volume of text and address redundancies and inconsistencies in assessments. The new template
provides sections for the literature search strategy, study selection and evaluation, and methods
used to develop the assessment.

! National Research Councll, 2011, Review of the Environmental Protection Agency’s Draft IRIS Assessment of Formaldehyde,

4
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> Evidence Tables Implemented

The IRIS Program has developed templates for evidence tables to standardize the presentation of
reviewed studies in IRIS assessments. Once a literature search has been conducted and the
resulting database of studies has been evaluated, evidence tables are developed to present
information from the collection of studies related to a specific outcome or endpoint of toxicity. The
evidence tables include studies that have been judged adequate for hazard identification and
display available study results, both positive and negative results. The studies that are considered
to be most informative will depend on the extent and pature of the database for a given chemical,
but may encompass a range of study designs and include epidemiology, toxicology, and, other
toxicity data when appropriate.

For more detailed information, see "’Reporting Study Results” in the Evaluation
and Display of Individual Studies section in the droft Handbook for IRIS
Assessment Development in Appendix F,

A chemical-specific example of the implementation of this recommendation is
available as “EXAMPLE 3 - Evidence Tables” in the Chemical-specific Examples
Demonstrating Implementation of NRC Recommendations document.

Weight-of-Evidence Evaluation: Integration of Evidence for Hazard
Identification ~

NRC Recommendations:
« Strengthened, more Integrative and more transparent discussions of weight of evidence are needed The

discussions would benefit from more rigorous and systemattc coverage of the various determinants of
weight of evidence, such as consistency.

e Review use of ex isting weight-of-evidence guidelines.

¢ Standardize approach to using weight-of-evidence guidelines.

s Conduct agency workshops on approaches to Implementing weight-of-evidence guidelines.

¢ Develop uniform language to describe strength of evidence on noncancer effects.

*  Expand and harmonize the approach for characterizing uncertainty and variability.

e To the extent possible, unify consideration of outcomes around common modes of action rather than

considering multiple outcomes separately.

Implementation:

> Integration of Evidence for Hazard Identification In Progress

The IRIS Program has strengthened and increased transparency in the weight-of-evidence for
identifying hazards in IRIS assessments. Hazard identification involves the integration of evidence
from human, animal, and mechanistic studies in-order to draw conclusions about the hazards
associated with exposure to a chemical. In general, IRIS assessments integrate evidence in the
context of Hill {1965), which outlines aspects — such as consistency, strength, coherence,
specificity, does-response, temporality, and biological plausibility — for consideration of causality

13
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in epidemiologic investigations that were later modified by others and extended to experimenta
studies (U.S. EPA, 2005a).

All results, both positive and negative, of potentially relevant studies that have been evaluated for
quality are considered (U1.S. EPA, 2002) to answer the fundamental question: "Does exposure to
chemical X cause hazard ¥?" This requires a critical weighing of the available evidence {U.S. EPA,
2005a; 1994}, but is not to be interpreted as a simple tallying of the number of positive and
negative studies {U.S. EPA, 2002). Hazards are identified by an informed, expert evaluation and
integration of the human, animal, and mechanistic evidence streams.

For more detailed information, see “Synthesis of Observational Epidemiology
Evidence”, "Synthesis of Animal Toxicology Evidence”, and “Mechanistic
Considerations in Elucidating Adverse Qutcome Pathways” in the Evaluating the
Overall Evidence of Each Effect section in the draft Handbook for IRIS
Assessment Development in Appendix F,

See also Section 5 (“Evaluating the overall evidence of each effect”) in the
Preamble to IRIS Toxicological Reviews in Appendix B,

A chemical-specific example of the implementation of this recommendation is
available as "EXAMPLE 4 - Evidence Integration” in the Chemical-specific
Examples Demonstrating Implementation of NRC Recommendations document.

Currently, the IRIS Program is using existing guidelines that address these issues to inform
assessments. In addition, the IRIS Program is taking a more systematic appreach in analyzing the
available human, animal, and mechanistic data is being used in IRIS assessments. In conducting this
analysis and developing the synthesis, the IRIS Program evaluates the data for the:

s strength of the relationship between the exposure and response and the presence of a dose-
response relationship;

¢ specificity of the response to chemical exposure and whether the exposure precedes the
effect;

¢ consistency of the association between the chemical exposure and response; and

¢ biological plausibility of the response or effect and its relevance to humans.

The IRIS Program uses this weight of evidence approach to identify the potential hazards associated
with chemical exposure.

The IRIS Program recognizes the benefit of adopting a formal weight-of-evidence framework that
includes standardized classification of causality. In addition to the NRC task, in which the panel will
review current methods for evidence-based reviews and recommend approaches for weighing
scientific evidence for chemical hazard and dose-response assessments, the IRIS Program is
planning to convene a workshop to discuss approaches to evidence integration. As partof this
workshop, the various approaches that are currently in use will be acknowledged and compared for
their strengths and limitations. The workshop will include scientists with expertise in the

14
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classification of chemicals for various health effects. The workshop will be open to the public, and
the details will be publicly announced.

The “Integration of Evidence Evaluation” section in the draft Handbook for IRIS
Assessment Development in Appendix F is currently under development,

Selection of Studies for Derivation of Toxicity Values

NRC Recommendations:
e The rationales for the selection of the studies that are advanced for consideration in caleulating the RfCs and

unit risks need to be expanded. All candidate RfCs should be evaluated together with the ald of graphic
displays that incorporate sefected information on attributes relevant to the database.

s Establish clear guidelines for study selection.

» Balance strengths and weaknesses.

o Weigh human vs. experimental evidence.

e Determine whether combining estimates among studies is warranted.

Implementation:

» Selection of Studies for Dose-Response Analysis Implemented

The IRIS Program has improved the process for selecting studies for derivation of toxicity values as
well as increasing the transparency about this process by providing an improved discussion and
rationale. Building on the individual study quality evaluations (described under Evidence
Evaluation: Hazard Identification in this report) that identify strengths and weaknesses of
individual studies, for each health effect for which there is credible evidence of hazard, a group of
studies are identified and evaluated as part of the hazard identification. In evaluating these studies
for selecting a subset to be considered for the derivation of toxicity values, the basic criterion is
whether the quantitative exposure and response data are available to compute a point of departure
{POD). can be a no-observed-adverse-effect-level [NOAEL], lowest-observed-adverse-
effect-level [LOAEL], or the benchmark dose/concentration lower confidence limit{BMDL/BMCL]).

Additional attributes {aspects of the study, data characteristics, and relevant considerations)
pertinent to derivation of toxicity values are used as criteria to evaluate the subset of studies for
dose-response analysis. Thus, the most relevant, informative studies are selected to move forward.
The new document structure provides for transparent discussion of the studies identified for dose-

response analysis.
For more detailed information, see “Selection of Studies for Derivation of

Toxicity Values” in the Dose-Response Analysis section in the draft Handbook for
IRIS Assessment Development in Appendix F.

See also Section 6 {"Selecting studies for dose-response analysis™} in the
Preamble to IRIS Toxicological Reviews in Appendix B,
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lslctenCe ndapplying  decisions rotect 48 andon vailability  dequate information o
uman heaith and the environment. The lean 49 evaluate the potential for dverse effects. The

Air ct, forexample, ndates that EPA provide 50 1RIS Progragu.may assess other agents as an
anample  rgin  afety to protect 51 urgent pd alth need arises. IRIS also

health”; the Safe Drinking Water Act, that “no ;

adverse effects ehealth persons may

reasonably be anticipated © occur, allowing

adequate margin  afety.” Accordingly, EPA ' Sdor,developing and peer-
uses formation e dverse effects jewingy assessments
chemicals exposure levels below which ' ;

these effects are not anticipated to occur.

IRIS assessments ritically eview the publicly
available tudies to dentify adverse hea , in) d multiple levels of scientific eview.
effects from long-term exposure to chem draft assessments after each eview,
to characterize exposure-response relation: rafts d omments ecome part
Interms etforth bythe  ional Research d(US. PA,2009).

Councit (NRC, 1983), ISag

hazard identification pd

generally out -1/2 ths
duration}. he raftassessment onsiders all
pertinent  blicly ailable studies and

steps atare
regional applies omsistent criteria to evaluate study
tocal h - quality, identify ealth ffects, identify
popula .mechanistic events nd pathways, tegrate
assessmien the evidence f ausation for each effect, nd
political, econ derive ity values. A public dialogue
that influence th - meeting prior to the integration fevidence
management altern 73 and derivation of toxicity alues romotes

74 public discussion of the literature search,
AnIRIS assessment may ‘chemical, 75 evidence, and key sues.
a roup tructurally jeally elated 76 Step 2.Internal review by scientists in EPA
chemicals, omplex mixtur eptions re 77 programs and regions (2 months). The
chemicals currently used exclusively as 78 draft assessment is revised to address
pesticides, ionizing and non-ionizing adiation, 79 comments om ithin EPA.
and criteria ir pollutants isted under ection 80 Step 3.Interagency science consultation with
108of e lean ir ct{carbon noxide, lead, 81  otherfederal agencies and the Executive
nitrogen oxides, ozone, partlculate matter, and 82 Offices of the President (1-1/2  onths).
sulfur oxides). 83 The draft ssessmentis evised o address
Peripdically, the RIS rogram asks r PA 84 the interagency comments. The science
programs nd egions, other federal agencies, 85 consultation draft, teragency nts,
state health agencies, and the general public to 86 and EPA’s response to major omments

87 become part of the public record.
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Step 4. Public review and comment, followed
by external peer review {3-1/2 months
more, ependingon ereview rocess).
EPA releases thedraft ssessment for public
review nd omment Another blic
dialogue meeting provides n  portunity
discuss the assessment rior opeer view.
EPA addresses the public omments and
releases  raft or external peer review. The
peer eviewersassess hether heevidence
has been assembled nd evaluated cording
to guidelines and whether e conclusions
are justified by he evidence. The peer
review eetingis open e publicand
includes ime or ral ‘ublic comments. The
peer review draft, peer eview eport, and
written public omments become part of the
public cord.

Step 5. Revision of draft Toxicological Review -

and development of draft JRIS summary
(2 months). The  aft assessmentis revised
to reflect the peer eview comments, public
comments, ndnewly ublished studies that
arecritical e conclusions of the
assessment. The disposition of ' eer review
comments nd public ments ecomes-
partofthe ublicrecord.

Step 6. Final EPA review and interagency
science discussion with ether federal
agencies and the Executive Offices of the
President (1-1/2 months). he draft
assessment ndsummary arerevised to
address A nd  eragency comments. The
science  cussion draft, ritten  agency
comments, and EPA’s esponse to major
comments become art e ublic ecord:

Step 7. Completion and posting (1 month). The
Toxicological Review d RIS mmary are
postedon e ISweb ite(http://
www.epa.gov/iris/}.

The remainder of this Preamble addresses step 1,
the evelopment of ft Toxicological Review.
low tandard practices f
evidence evaluation n n

which are discussed n  PA guidelines (U.S. EPA,
1986a, 986b, 1991, 1996, 1998, 2000, 0053
2005b) nd ther methods (U.S. EPA, 1994, 2002,
2006a, 2006b, 2011, 2012a, 2012b). A practical
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draft Hondbook is available for use by IRIS
assessment eams (U.S. EPA, 2013). Transparent
application fscientific dgmentis of
paramount imporiance. To rovide harmonized
approach cross IRIS assessments, this Preamble
summarizes concepts hese guidelines and
emphasizes rinciplesof eneral applicabiiity.

3. Identifying and selecting pertinent
studies

3.1 Identifying studies

Before eginning nassessment, A onductsa
comprehensive earch the primary cientific
literature. The iterature search follows standard
practices nd ncludes he PubMed and ToxNet
databases fthe National Library of edicine,
Web of cience, and other atabases ted n
EPA’s HERO system Healthand nvironmental
Research  line, http://hero.epagov/}.  rches
for nformation on mechanisms  toxicity e
inherently specialized and may include studies
on ther gentsthatactthroughrelated
mechanisms.

Each assessment pecifies he search strategies,
keywords, and ut-off datesof  iterature
searches. EPA posts e esults ¢ iterature
search n . elRISweb ite andrequests
information from e ublic on additional studies
and ngoing search.

EPA iders studies received through

IRIS Submission Desk . ndstudies typically.
unpublished) bmitted e the oxic
Substances Control Act or e Federal Insecticide,
Fungicide, nd Rodenticide Act. aterial
submitted  onfidential Business mation
is  sideredonly udes health and safety
data that an be publicly eleased. Ifa study that
may be critical to the condusionsof ¢
assessment has not been peer-reviewed, EPA will
have peerreviewed.

EPA also examines the toxicokinetics of the agent
to identify other chemicals (for example, major
metabolites of the agent) lude e
assessment q information is available,
in rdertomore ully lain e xicityof e
agent and to suggest dose  etrics for ubsequent
modeling.
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In assessments of chemical mixtures, mixture
studies epreferred for eirability  eflect
interactions mong omponents. The erature
search seeks, in decreasing order eference
{US. EPA, 19863, 2000):

~ Studies ofthe being assessed.

-~ Studies ufficiently similar mixture. in
evaluating imilarity, the ssessment
considers the alteration of mixturesin e
environment hrough partitioning nd
transformation.

- Studies of dividual hemical companents of
the mixture, if there re otadequate studies
of fficiently ar mixtures.

3.2 Selecting pertinent epidemiologic
studies

Study esign the ey onsideration for
selecting ertinent epidemiologic tudies from
the results of the literature search.

- Cohort studies, case-control studies,
some opulation-based surveys (for
example, NHANES) provide the strongest

epidemiologic idence, pecially when
they colléct information  bout individual
exposures effects.

~  Ecolegical tudies (geographic correlation

studies) relate exposures f by
geographic area. They an rovide trong
evidence if there are large exposure
contrasts between geographic  as,
relatively- ittleexposure -ariation within
study areas, and population migration is
limited.

ighor cidental exposure
lack finition the  ulation trisk nd
the expected number of ses. ~hey can
provide information bout ' rare effect or
about the relevance of analogous results in
animals.

ological studies

41 andcasereports ut eports - tailsonlyif ey
42 suggest effects not identified by other studies.
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3.3 Selecting pertinent experimental
studies

Exposure route is a key design consideration for
selecting ertinent experimental animal studies

or uman inical studies.
~  Studies f al, nhalation, ermal
exposure volve passage rough n

absorption barrier and are Considered most
pertinentto n v onmental exposure.

- - Injection lantation tudies are often
considered less pertinent but may provide
valuable okinetic echanistic
information. They lsomaybe seful for
identifying effects n nimals  eposition or
absorption  roblematic {for example, for
particles  d fibers).

Exposure durationisalsoakey esign
consideration for selecting ertinent
experimental animal studies,

~  Studies of fects from chronic exposure are
most pertinent te ifetime uman exposure.

- Studies fects from less-than-chronic
exposure are pertinent but less preferred for
identifying effects rom  time uman
exposure. uch tudies may be indicative of
effects -than-lifetime human
exposure.

Short-duration tudies invelving  imals or
humans may provide okineti¢ or
mechanistic information. -

For developmental toxicity and reproductive
toxicity, irreversible effects may result from a
brief exposure during  ritical peried of
development. Accordingly, specialized udy
designs reused or hese effects US EPA, 991,
1996, 1998, 2006b).

4. Evaluating the quality of individual
studies

After the bsets of ertinentepidemiologic n
experimental tudies ave een elected rom the
literature ar hes, the assessment valuates the
quality each ndividual study. This evaluation
considers the esign, methods, conduct, nd
documentation of each study, ut notwhether
the results are positive, negative, or null. The

This document is a draft for review purposes only and does not constitute Agency policy.
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objective is to identify the stronger, more
informative studies based on a uniform
evaluation fquality haracteristics across
studies fsimilar esign.

4.1 Evaluating the quality of
epidemiologic studies

The assessment evaluates  ignand
methodological spects atcan creaseor
decrease the weight given to  ach epidemiologic
study n he overall evaluation {US. EPA, 1991,
1994, 996, 19928, 2005a):

- Documentation of study design, ethods,
population 'haracteristics, nd results.

- Definition and selection of he tudy group
and comparison group.

- Ascertainment of exposure to the chemical
or ixture.

- Ascertainment of disease or health ffect.

- Duration  xposure ndfollow-up nd
adequacy for assessing the occurrence of
effects.

- Characterization of exposure during critical
periods. o

- Sample izeand statistical power to detect
anticipated effects,

~- Participation . ates and potential or election
biasas aresult of the chieved participation
rates. '

- Measurement error {canlead to
misclassification  exposure, health
outcomes, and other factors) and other types
of information bias, ' .

- Potential confounding. nd other sources of
bias addressedin e tudy design n
analysis sults, The basis
consideration founding
expectation at the confounder is related to
both exposure nd outcome and is
sufficiently prevalent to result in bias,

For developmental toxicity, reproductive toxicity,
neurotoxicity, and cancer thereis further
guidance on the nuances  evaluating
epidemiologic tudiesof eseeffects US.EPA,

11991, 1996, 1998, 005a).
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4.2 Evaluating the quality of
experimental studies

The assessment evaluates design and
methodological spects atcan crease or
decreasethe weight ivento ch experimental
animal study, in-vitro tudy. or linical
study (US. A, 1991, 994,1996, 998, 2005a).
Research involving uman ubjects considered
only if conducted according to ethical principles,

- . Documentation of tudy design, nimals

study population, methods, basic  ta, and
resuits,
-~ Nature e ssay

intended urpose.

~  Characterization of the nature and extent of
impurities nd contaminants e
administered chemical or

- Characterizationof e nd  ingregimen
(including e texposure) and their
adequacy  licit effects, including
latent effects.

-~ Samplesizes nd  tistical power
dose-related differences r rends.

- Ascertainment of urvival, vital signs, disease
oreffects, d useof. eath.

- Control other ariablesthatcould
influence the occurrence of effects.

detect

The ssessment uses statistical sts evaluate
whether he observations may e dueto hance.
The standard for etermining statistical
significance of  esponseis atrend testor
comparison tcomes n the exposed groups
against those of conaurrent controls. In some
situations, examination of historical control  ta
from the same laboratory within a few .ears of
the tudy may mprove e nalysis.For n
uncommon effect thatis ot statistically
significant compared with oncurrent controls,
historical controls  yshow atthe ffect
unlikely to be due to chance. Foraresponse  at
appears ignificantagainst urrent ontrol
response atis nusual, istorical ontrels vy
offer ifferent interpretation (U.S: EPA, 2005a).

For evelopmental toxicity, reproductive ,
neurctoxicity, nd cancer there is further
guidance on he nuances of evaluating
experimental studies fthese effects US. EPA,

This document is a draft for review purposes only and does not constitute Agency policy.
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1991, 1996, 1998, 2005a). In multi-generation
studies, agents that produce developmental
effects tdoses that are not toxic e aternal
animal re  pecial concern. Effects  at occur
at doses ssociated with  ild maternal toxicity
are not assumed to result only from maternal
toxicity. Moreover, maternal effects may
reversible, hile ffects  he fspring
permanent US EPA, 991, 1998).

ybe

4.3 Reporting study results

The assessment uses - idence tables to present
the sign ndkey esults  ertinentstudies.
There may be separate tables or each site of
toxicity or type of tudy.

If rge mber tudiesobservethe me
effect, e ssessmentconsiders e tudy quality
chéracteristics ection entify the
strongest studiesor pes  tudy. Thetables

. present details from thesé studies, and the

assessment xplains the reasons rnot
reporting etails  ther tudies r roups
studies at not ddnew information.
Supplemental information provides eferences to
all tudies onsidered, cludingthose ot
summarizedin e bles.

The assessment discusses strengths and

limitations that affect the interpretation ch
study. If the interpretation of a study e
assessment differs romthatof e dy uthors,

the ssessment discusses the basis for the
difference.

As a check on the selection and evaluation of
pertinent udies, EPA asks peer reviewers to
identify tudies atwere notadequately
considered.

5. Evaluating the overall evidence of
-each effect

5.1 Concepts of causal inference

Foreach ealth ectthe sessmentevaluates
the evidence as  whole to determine whether t
is-reasonable to infer = ausal association
between exposure to the agent and the
occurrence ofthe ect. his ference  ased
on information ertinenthuman tudies,
animal studies, and mechanistic studies of
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adequate quality. Positive, negative, and null
results are given weight according to study
guality.

Causal ference involves scientific  dgment,
and he onsiderations enuanced d mplex.
Several health gencies ave eveloped
frameworks or ausal inference, mong them the
.S, rgeon General (DHEW, 1964; DHHS,
2004}, the nternational Agency for Research n
Cancer 2006), nstitute of edicine 2008),
and he .S Environmental Protection Agency
{20053, 2010). Although eveloped ordifferent
purposes, the frameworks re imilar in nature
and provide n tablished tructure d
language for ausal inference. Each onsiders
aspectsof n ssociation atsuggest ausation,
discussed by Hill {1965} and elaborated by
Rothman nd Greenland {1998) {U.S. EPA, 1994,
2002, 2005a).

Strength of association: The finding of
relative isk with arrow onfidence
intervals trongly uggests hatan
association e to chance, bias, or
other factors. Modest relative s
may eflect a small range of exposures,
agentof wpotency, an ncreasein n flect
that is common, exposure misclassification,
or other sources fbias.

Consistency of association: An inference f
causaticn  trengthened if elevated risks
are bserved nindependent tudies of
different populations nd exposure

~ scenarios. Reproducibility of indings
constitutes one of the trongestarguments
for ausation. Discordantresults sometimes
reflect differences  tudy design, exposure,
or onfounding actors.

Specificity of association: As riginally
intended, thisrefers to.one ause  ociated
with neeffect. uwrrent standing at

many gents ause ltipleeffects 4 ny
effects have multiple causes make this  ss
informative aspect  ausation, ess e
effectisrare or nlikely ave ltiple

causes.
Temporal relationship: A ausal interpretation

requires at e precede development

of the effect. '
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Biologic gradient (exposure-response
relationship): Exposure-response
relationships strongly  ggest causation. A
monotonic Crease  otthe ly attern
consistentwith  usation. The presence of an
exposure-response radient alsoweighs
againstbias  d confounding s ource of
an ssociation. '

Biologic plausibility: An inference of causation
is trengthened by emonstrating
plausible biologic mechanisms,  vailable.
Plausibility may reflect subjective prior
beliefs  ere insufficient understanding
of ebiologic process involved. '

Coherence: An nference causation
strengthened by upportive results rom
animal xperiments, toxicokinetic tudies,
and hort-term tests. Coherence may also e
found er ines evidence,such s
changing disease patternsin he population,

“Natural experiments™: A change in exposure
that rings abouta change in disease '
frequency provides stréng evidence, as
tesis ¢ ypothesisof ausation. An example
wouldbe  ntervention
in eworkplace  nvironmentthatis
followed y  eduction ofan adverse effect.

Analogy: Information uctural analogues 1
on chemicals that induce imilar mechanistic
events can provide insight into causation.

These onsiderations are onsistent with
guidelines for ystematic eviews - atevaluate
the quality nd eight ofevidence. Confidence is

increased if the magnitude ge,
thereis vidence  n exposure-response
relationship,or f  ssociation was served

and the ses would tend o decrease
the magnitude the reported effect. Confidence
isdecreased rstudy imitations, inconsistency

of esults, indirectness fevidence, imprecision,
orreporting ias Guyattetal, 20083,b).

5.2 Evaluating evidence in humans

For each effect, the ssessment evaluates the
evidence rom e pidemiologic diesas

whole. to determine'whether a
credible sociation as been bserved d,ifso,
whether at association sistent with

causation. In doing this, the assessment explores

reduce exposure’
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alternative explanations (Such as chance, bias,
and confounding} and draws a conclusion about
whether these lternatives can satisfactorily
explain ny bserved association.

Tomake ear ow much the epidemiologic
evidence contributesto e overall weight of the
evidence, the assessmentmay electa tandard
descriptor  haracterize the epidemiologic
evidence  ssociation between exposure to the
agent doccurrence f  ealth ffect

Sufficient epidemiologic evidence of an
association consistent with causation: The
evidence establishes  ausal ssociation or
which lernative explanations such as
chance, bias, and onfounding anbe ruled
out with reasonable onfidence,

Suggestive epidemiologic evidence of an
association consistent with causation: The
evidence suggésts  ausal ssociation but
chance, bias, or confounding annot e ruled
outas Xplainingthe ssociation.

Inadequate epidemiologic evidence to infer a
causal association: The available studies o
notpermita  dusion egarding e
presence or absence of n ssociation.

Epidemiologic evidence consistent with no
causal association: Several adequate studies
covering efull ge fhuman exposures
and considering usceptible populations, and
for which alternative explanations  ch
bias and confounding can be ruled out, are

mutually consistentin not finding an
association.

5.3 Evaluating evidence in animals

For each effect, the assessment valuates the
evidence rom ¢ nimalexperiments s whole
to determine the extent to h indicate a
potential foreffects n  mans. onsistent results
across various species and strains increase
confidence atsimilar results would occurin
humans. Several concepts discussed by Hill
(1965) are  rtinent to the weight of
experimental results: consistency of response,
dose-response relationships, trength

response, biologic plausibility, and coherence
(U.S.EP4, 1994, 2002, 2005a).
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1 In eighing vidence from multiple experiments,
2 U.S.EPA 2005a) distinguishes

3 Conflicting evidence {that is, mixed positive and
4 negative results  the ame sex and strain

5 using  imilar tudy protocol}

6 Differing results {that is, positive results nd

7 negative results are in  ifferent exesor

8 strains or use different study protocols).

9 Negative or null results do not invalidate positive
10 results in a different experimental system. PA
11 regards d bservations dlooks
12 explain feringresults sing echanistic
13  information {for example, physiologic
14 metabolic differences across st systems} or
15 methodological differences (for example, relative
16 sensitivity e ests, flerencesin . e evels,
17 insufficient sample ize, or dosing r
18 data

19 Itis  lestablished that there re critical

20 periods or ome evelopmental and

21 reproductive fects. ccordingly, the assessment
22 determines whether ritical periods have been
23 adequately nvestigated U.S.EPA, 1991, 1996,
24 1998, 20054, 2005b, 2006b). Similarly, the

25 assessment determines whether he atabase is
26 adequate to evaluate other critical sites and

27 effects,

28 In evaluating evidence of genetic toxicity:

29 -~ Demonstration gene tations,

30 chromosome  errations, or neuploidy in
31 humans ™ ¥perimental mammals (i vivo)
32 provides e rongestevidence.

33 -~ Thisis followed by positive results in Jower
34 organisms or in cultured cells (invitre) = or
35 other genetic events,

36 - Negative results arry less weight, partly

37 because ey cannotexclude e ossibility

38 of effects ini other tissues IARC, 2006}

39 Forgerm-cell  tagenicity, EPA as defined
40 categories fevidence ranging om  itive
41 results of human germ-cell mutagenicity

42 negative results for 1l effects of oncern {U.S.
43 EPA, 1986b).
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5.4 Evaluating mechanistic data to
identify adverse outcome pathways
and modes of action

Mechanistic atacanbe seful in answering
several uestions.

~ The iologic plausibility of a causal
interpretation tudies,

- The generalizability of animal studies to
humans. -

-~ The usceptibility of particular populations
or ifestages.

The focus e nalysisis odescribe, if
possible, adverse outcome pathways that lead to a
health ffect. n dverse outcome pathway
encompasses:

~  Toxicokinetic processes of ,
distribution, metabolism, nd elimination

thatlead to e formation of an active t
and its presence at the site of initial biologic
interaction.

~  Toxicodynamic processesthat ad o ealth
effect at this or another ite {alsoknown sa
mode of action).

For each effect, the assessment discusses the
available formation on its modes of action and
associated key events (key events being
empirically bserv e, hecessary r
steps or biologic markers  such teps; mode of
action beinga ries fkeyevents olving
interaction'with -ells, operational and anatomic
chaﬁges, and resulting in disease). Pertinent
information  y also come rom studies of
metabolitesor  ompounds atare
structurally similar at act through
‘mechanisms. Information on e of action is
not required for a conclusion that the agent is
causally related to an effect {U.S. EPA, 2005a).

The assessment addresses several questions
about each ypothesized mode of action {U.S.
EPA, 005a).

(1) Isthe hypothesized mode of action
sufficiently supported in test animals?
Strong upport ra ey eventbeing
necessarytoa eof ction an ome from
experimental challenge to the hypothesized
mode of action, in which studies that

This document is a draft for review purposes only and does not constitute Agency policy.

B-7

DRAFT—DO NOT CITE OR QUOTE

ED_002435_00004578-00277



W00~ W

B g
-

s
W

bb@WWWWWWWWWWNNMN
NROQLOIVNOUNr,ohrdoodarandRNNEEERERE

DRAFT MATERIALS FOR REVIEW ONLY — DO NOT CITE OR QUOTE

Evaluation and Display of Individual Studies

STUDY QUALITY EVALUATION

Study Quality Evaluation: Overview

e Beinclusive: t  etter 6 deastudy d aluate effects of potential
limitations an oexcludeastudyand iminateany nformation the study could

have provided
¢ Evaluate studies BEFORE developing evidence tables

s Series of ocused uestions; pplied stematicall primary data studies
identified  elevant  he screening steps

seresthsnncaeare®

npabtoens

» Evaluation is ndpoint-specific; a given tu inf ral endpoints may

o,

s, 0

‘e o
................................................

Study “quality,” as defined erein, sa lretations regarding a
variety of methodological features s, study
execution, data analysis nd presentatit ' v
process is not to eliminate udies, ) s with espect o otential
methodological considerations hat o i : for nfidencein he results,
Forlarger atabases, n articular, this ipsparent means to  onvey our

the results. . & esu
to ove forward o

ould e nductedatan rly age
yant ources rimary data but efore
sociated ith posureto hemical. All
ning process hould e evaluated. Even a
ious, it he valuation of all of
| of the evaluation e maintained.
al features of each study canbe ccomplished by
starting point for generating these ssessment and
: e to consider the examples provided in Tables F-6 and F-7 for
observational epidemiol® imal toxicology udies, espectively. Documentation
important ethodologica res fastudy may ean erative process, requiring odification
an initial set of questions, as specific features of the chemical, endpoint(s), or study design(s) are
discovered. Itis essential that hese focused uestions be pplied uniformly to all studies
evaluated. Thiswill liow or mparison fthe considered studies thatisboth  stematicin
design d  ependent of the study results. Ideally, wo eviewers would ndependently dentify
the relevant methodological details, and then compare their results and interpretations and resolve
any differences. _
For udiesthat aminemorethan neendpointor utcome, the evaluation process
should be endpoint-specific, s the utility - udy may aryfor he ferentendpoints,

the compong

Examing
applying ries 64
endpoint  ecific guét
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The methods section  he paper il generally rovide the majority of information needed
for this aluation except, of course, for considerations elating to the level of detail of the

reported esults). In some cases, however, study details may be presented elsewhere in the

manuscript or report, such sthe troduction r iscussionsections. dentification { ome study

details may equire additional investigation, for example, by consulting  ther publications
describing the study or udieson he liability ofan  ay, or by contacting he udy uthors. n
general, study uality evaluation hould be independent of considerations egarding he direction

or magnitude of he * esults.
It suseful to check the citation in one of the primary databases {e.g., PubMed) to see if there
isany linked material, such ratum, supplementary iz material, letter to the editor

(and authors’ reply) regarding the citation, or ompanion ug s kind of preliminary work can

preventsignificant heartburn  d eadaches in subsequey

It s seful torecord he pertinent . ethodologi SY 0 form (eg., a

use observational

epidemiology and animal toxicology studies ha the documentation and

evaluation of these studies will differ.
There may e situations, most mmonly

hen

dpoints are available.
valuation

posure studies. This

other ypes fstudies

further consideration. For example
abundant bchronicand  ronic exph

 The ollowing discussion  tu
observational epidemiology

e B T PO P P
~,

recaon B branas

{e.g, ters othe editor, editorials) may rovide
ormation  mportant ethodological features.

B L T T T Ty N

3
",

reviewed d esGiu

e,
*u
L T T T T T Y LT T LT R T Ty T T T T T TP TY S 22 Y T LT P PR ppres

Evaluation of Observational Epidemiology Studies

The rocess of study evaluationis akin o tective ork. You need to investigate specific
study  ures hat ectly t he interpretation of the experimental results, including:
e exposure measures (reliability, validity, probability and el of exposure in ifferent

situations or seftings)

F-22

ED_002435_00004578-00279

o

G
»

%

o
evaersrenpeteneeneNTRS Canua et

sesereenen

s
rsrerensen



RS2 TN~ S FE I G QN

WNNNNNNNNNNHH
fy

W
ok

W W
B R EVRS

W W
Lo X R¥ ]

Wt
& -

include a study is systematic evaluation and

-ofstudy. heother ures compass®

“is eeded, for amp
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e outcome measures reliability, dity, prevalence in  ifferent populations, disease course,
relation een urvivaland cess ¢ ealthcare or ther sociceconomic factors)
¢ confounders {strong risk actors or he  come thatare also known to be strongly
associated with he exposure within he study)
These investigations may equire mini-reviews” and onsultation with expertsin ifferent fields.
Without this background understanding, youmay t eableto curately aluate the studies.
Exposure assessmentis pecially important in the environmental or occupational arena.
The bility ocorrectly assify xposed”and “unexposed”, te quantitative measures of
exposture, and the range of exposure encompassed in the studyis ey ifference between
observational epidemiology and andomized clinical trials n whigh, ‘exposure” (e.g, “intention o
treat” or type of treatment) may be less subject to measuren Pror and the exposure contrast s
less variable between studies.
Asnoted ove, an inclusive approach is enerals

ded: thatis, it etter o
tential limitations, ather
or demiology

than exclude a study and thus lose any informa
also he likelihood,

studies, to the extent possible, you want to assé
direction, and magnitude of bias. ”
The study haracteristics that
are summarizedin ableF-6. Thefi
the subsequent - aluation; that s, the

esign, provides
ues illvary ependingon he type
tions, exposure measures,
Although  eneralyour

he sults

wunding, since confounding
between the exposure and the potential
d he outcome}.

outcome (effect) measure
evaluation

depends n he streng
confounder d between

AN RSN SN YK IAY IR ONTE DR NS B RUO MK ORI FERDN AN CNOTANN DN EHONSEG 02 ONTKFuas,

bservational Epidemiology Studies

.,

he evaluation process is inclusive in ature, is
ping idencetables, uses  eries of syStematically

applied, focust s, and is end-point specific

s Do our etectivework head ftime: vestigate exposure measures, effect
measures, and confounders for he chemical-effect der review

randneNon 2eTaeTONs AR AP

asan

N I T T TP TP
> aaxeanesnes

« To the extent possible, assess likelihood, direction, and magnitude of bias

s,
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Table F-6. General Considerations for Evaluation of Features of Epidemiology Studies

Study
population;
target
population;
setting

Comparabifity
{exposed and
non-exposed;
cases and
controls}

Outcome
measures

0i :

Where and when was the study conducted? What is the source(s) of
exposure {environmental media, consumer products, occupational, an
industrial accident, or other)? What was the recruitment process? How
was eligibility determined? Does the study provide information on
potential vulnerable or susceptible groups?

Address: Potential generalizabifity of study resuits, potential for sefection
bias, potential to address effect modification :

g ; SRR
How were potential differences between gro
design {e.g. randomization, restriction, matchi
stratification, multivariate oy

exclusion and inclusion criteria

with respect to the outcome? What .|
fal} error? What is the likelihood of

differents

F-24

Geographic area, site
{pccupational, ete, time
period. Age and sex
distribution, other details as
needed {may include
race/ethnicity, socioeconomic
status); recruitment process;

o

auin 1" type participant
f stic data, by group;
3pproatiro consideration of
potential confounding (i
applicable}; strength of
associations between exposure
and potential confounders and
between potential
onfounders and outcome

Describe {i.e., source, how
measured/classified, incident
versus prevalent disease),
evidence from validation
studies
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fe: o Gl
Date: 10/01/2012 S:53 P

Diane, Agnes:

1 agree with Katy completely.

She said she'd reduce her commentary to a concrete suggestion about the text. I would concur (if that still matters) with any | ion she's o with,
Seott

On Mon, Oct 1, 2012 at 5:27 PM, Katherine Walker <KWalker@healtheffects org> wrote:
FYes. Wil give it a whirl later. 1was in 2 meeting when I wrote that. Will cut it down and resend. You wili need to respond and concur or revise.

Sent from my iPhone

On Oct 1, 2012, at 5:04 P, FEENYE

As you know, I agree with you completely. Do you wanna make a specific suggestion about wording? Just omit mentioning the one polnt, or something broader?
| Scott

On Mon, Oct 1, 2012 at 12:04 PM, Katherine Walker <<maiito: XWalker@healtheffects.org> K\Watker fecis.org iito: KWatker @) £2.01g> > wrote:
T think the adition of | may be' he!ps but the "However..." that follows refers to just one of severaf recommendations we made that are targeted at trying to characterize the limitations or uncertainties that that
may result from that cholce, including the choice of models used to analyze a limited data set. I'm not sure i would want to single out the mortaiity v incidence issue alone.

*1 think we want to make the broader point - that they have made a number of data selection and analysis choices tha may be reasonabie but that it Is important to convey to risk analysts and to policy
i makers a broader perspective. That & the basis for a number of recommendation for sensitivity analyses that we made.

The NAS and others have made recommendations for 20 years or more that uncertainties need to be more clearly and quantitatively, if possible, portrayed. That was the spirit of our recommendations
| recognizing that it wasn't possible to do a fuil uncertainty analysis.

1 think this Is very important,
{ Katy

Sent from my iPhone

©On Oct 1, 2012, at 11:37 AM, "Diana-M ang < <malito: Wona.Qiana: 1Lena,goy > Wona.Di 03.00Y. ifto: D iLepa.goy> <mailto; <malito: Wong.Diana:
Ej@egamaﬂmw\lono Diana Lepa.gov <maiito:¥oug.Diana iLepa.gov> > > wrote:
Scott,

Thank you for your response.

Based on your suggestion, the statement in the cover letter is revised to:

" The SAB supports the selection of the Libby worker cohort for the derivation of the inhalation unit risk (IUR) and agrees that the use of the subcohorl post4959 for quantification may be reasorable due to
the lack of exposure informatien for many of the workers in earller years. The SAB finds it appropriate to use iung cancer and r the of the JUR. However, the SAl
recommends a more detalied discussion and justification of how the use of mortality data rather than incidence data may have resulted in an undercount of cases of fung cancer and mesothelioma.”

To be consistent, I wiil make similar change to line 27, page 3 of the Executive Summary of the August 30 draft. Please fet me know if this change satisfies your concern.

Sincerely,

 Diana Wong, Ph. D., DABT
Toxicologist and Dmxgnated Federal Officer
| USEPA
‘ Sclence Advisory Board Staff Office
i MC: 1400R
: 1200 Pennsylvania Ave, N.W.
Washington, DC 20460

Phone:(202) 564-2049 <tei:% 28 202% 29%20564-204% >

<graycol.gif>SandP8 ~-10/01/2012 10:59:09 AM---Diana, Aghes: Thanks for your suggested edit. 1 think it would be great, I apdogize

i
m:«nn % LOM> 5¢ com<mailto:se com> <mailto: Lom o i am> >

om com<mailto:sc Q> <mailto: <mailto:; <ony 0 i com>> >, Katherine Waiker
<<masltn KWalker@healtheffects.org > KWalker 15.01G <maiito: heal 15.01G > < MAito: <ma|lto KWall heaitheffecis.org> KWatker®healtheffacts org<mailto: KWalk fects org
>>>, "Kane, Agnes”
< <emailto: agnes_kage@brown.odu>aanes_kane@hrown,edy <malito:agnas ju><mailto: <mailto:agnes_kane@hrovin.edu>agnes kane@brown { ne@brown.edy>>>

Date: 10/01/2012 10:59 AM
Subject: Re: Language To Clarify Your View

i Diana, Agnes:

Thanks for your suggested edit, 1 think it would be great. 1 apologize for forcing you to read my mind about this. Isuggested a much more modest change in the explanation promised to Agnes that 1 wrote
; after speaking to Katherine Walker last week:

©1 do not agree that the use of the subcohort post-1959 for quantification is "reasonable” due to the lack of exposure information for many of the workers in earfier years. It *may* be reasonable, but I think it

! improper o say that it *is* reasonable. At best, it is a modeling choice that some but certainly not ail people would make. In my estimation, the Agency has not suffi uentl] explored the question of whether or
not the fack, or rather paucity, of exposure data from earier years invalidates or inhibits inferences. Those statistical questions have not really been asked. Thus, Icannot support the selection of the Libby

i worker cohort™ as stated it the bullet's main clause. I have no probiem with the rest of the text of the builet. As a way forward, i might suffice to simply change "is” to "may be" in the third verb of the first

i sentence. 1 understand that the explanatory text on this matter persists in the bedy of the submission.

Sorry If this has been much ado about nothing, but the tone of the bullet seemed too much of a whitewash to accept as a reflection of what we had discussed In our meetings.
Tharks for your patience with me. It's been rather difficult for me personally these fast few weeks. Ihope that 1 will soon be out of the woods, to use a corny expression.

Best regards,
Scott

On Thy, Sep 27, 2012 at 5:16 PM, Diana-M Wong < <mailto: wm.[)mla.m_wi\>wmwm>ma¢&maﬁ@3pmnﬂ&wx<mailm:ﬂoﬂg,m na-M@epamail.epa.gov> <maitto: <mailto:Wong.Diana:
£08.00v> Wong.Diana | epa.gox < maiito: |.epa.goy>>> wrote:

Scott,

My fast communication 1o you on August 29 was to request for your changes reg: g the p ph in the cover letter:

j * The SAB supports the selection of the Libby worker cohort for the derivation of the inhalation unit risk (IUR) and agrees that the use of the subcohort post -1959 far quantification is reasonabl due to the lack
{ of exposure Information for many of the workers in earlier ?'e,ars The SAB finds it appropriate to use lung cancer and as for the d of the IUR. However, the SAB recommends a
i more detailed discussion and justificatior of how the use of mortality data rather than incidence data may have resulted in an undercount of cases of lung cancer and mesothelioma.”

ED_002435_00004578-00283



Since you did not respond, 1 noted in the Panel Roster of the August 30 draft that you did not concur this draft.

During the quality review teleconference on Tuesday (September 25) by SAB, the SAB Chartered Board questioned the basis of your non-concurrence. Dr. Kane Indicated that she recelved an e-mail from you
that you were not feeling well and therefore unable to respond to her. Accordingly, the SAB Chair directed that I need to incorporate your suggested change or provide an explanation for your non-
conccurrence. Based on my understanding of your concern, I proposed the following revised statement.

“ The SAB supports the selection of the Libby worker cohort for the derivation of the inhalation unit risk (JUR) and the use of the subcohort post-1953 for quantification due o the lack of exposure information
for many of the workers In earlier years. However, the SAB recommends EPA utilize intervai statistics to evaiuate the poteatial impact of omitting the Libby workers hired before 1959 if deemed feasible. The
SAB finds it appropriate to use lung cancer and mesothelioma as endpoints for the derivation of the TUR. However, the SAB recommends a more detailed discussion and justification of how the use of mortality
data rather than incidence data may have resulted in an undercount of cases of lung cancer and mesothelioma.”

1 fook forward to receiving your response. Thanks.
Sincerely,

Diana Wong, Ph. D., DABT

Toxicologist and Designated Federai Officer
USEPA

Science Advisory Board Staff Office

MC: 1900R

1200 Pennsylvania Ave, N.wW.

Washington, DC 20460

Phone:(202) 564:2049 <tel:%28202%28%20564-2049> <te:%28202%29%20564-2049 >

| Diana:
{ It is the first day of classes today, and am finding it difficult to be thorough in my review of the document you sent. Icannot always observe the deadiines that you set and inform me about.

 1.do not concur with this statement in the letter:

e SAB supports the selection of the Libby worker cohort for the derivation of the inhalation unit risk (IUR) and agrees that the use of the subcohort post-1959 for quantification Is reasonable due to the fack
f exposure information for many of the workers in earfler years.

thought 1 was paying close attention, but did not notice until now that eariier language had bean so watered down to be a complete capitulation to what I continue to believe is a flawed idea.

: 1don't think I'm merely being grumpy here. Perhaps someone can talk me down, but Im a bit surprised and disappointed. Unfortunately, 1 am very busy this week. 1 may be able to revisit this on
| Wednesday afternoon,

i Regards,
Scott

ED_002435_00004578-00284
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Laura E. Kerper, Ph.D.

Heather N. Lynch, MPH

Lawrence C. Mohr, M.D.*

Julie E. Goodman, Ph.D., DABT
*Medical University of South Carolina

» GRADIENT

SOT 2014 Annual Meeting
Abstract number 1811
Poster board 147

Do Asbestos-Induced Pleural Plaques Cause Lung Function Deficits?

While there is general agreement that pleural plaques are biomarkers of asbestos exposure, there is debate
in the scientific community over whether pleural plaques cause lung function deficits. Many of the
studies that addressed this issue were subject to certain limitations. In most studies, pleural plaques were
diagnosed by radiography, which is less accurate than high resolution computed tomography (HRCT) and
can lead to misdiagnoses. Some studies reported lung function changes in subjects that had lung
abnormalities in addition to pleural plaques, so that the contribution of pleural plaques to deficits was
unknown. To eliminate these sources of uncertainty, we conducted the first comprehensive analysis of
the associations between pleural plaques and lung function based on epidemiology studies in which 1)
pleural plagues were diagnosed by HRCT and 2) individuals were identified with pleural plaques and no
other lung abnormalitics. We identified and analyzed 16 relevant studies. We looked for patterns within
and across studies and examined whether associations were reproducible. Only three of the 16 studies
reported statistically significant associations between pleural plaques and some measure of lung function.
Among these three studies, the lung function parameters were not consistent, suggesting that the
associations were not likely causal. In addition, mean asbestos exposures in all three studies were higher
in the subjects with pleural plagues than in the subjects without. This suggests that if the effects were not
due to chance, the asbestos exposure itself, rather than pleural plagues, may have been responsible for
observed lung function deficits. Taken as a whole, the direction of effect (i.e., lung function deficit vs.
improvement) varied among studies, indicating the absence of even subtle effects and that the lack of
effect noted in the majority of studies was not a result of low statistical power. We conclude that there is
no reliable association between the presence of pleural plaques in asbestos-exposed populations and lung
function deficits.

20 University Road, Cambridgs, MA G213 { §17-395-5000 Lwwawvgradienicorpoom
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¢ Although PP were identified by HRCT, no anaivsss

were presented pvgivating PP glone.

¢ published close to or afier EPA annlysis.
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Pleural Plagues Diagnosed by High Resolution Computed Tomography (HRCT) and Lung Function in Asbestos-Exposed Populations.
This table summarizes associations between pleural plagues and lung function in studies in which 1) HRCT was used to diagnose or confirm the presence of
pleural plagues, and 2) individuals with pleural plaques did not have other diagnosed lung abnormalities.

Ne, with Asbestos Measure of Resun
No. of Pleural . Avg. Estimated {Mean t 5D}
Study . Cohort Location Exposure Lung p value
Participants| Plagues Exposure : Pleural
Measure Function Control
Only Plagues
Staples et 76 NR Asbestos us Duration No PP: 145 Air flow NR NR >0.05
ol., 1989 workers (mean years) With PP: 20.8
Lung NR NR
restriction
Dlco NR NR
Hillerdal et 23 13 Hospital Sweden Duration No PP: 0 FEVy, % NR 98 + 10 >0.05
al., 1990 pulmonary (mean years) With PP: 15-29 VC, % NR 97 +11 >0.05
patients with FEV,/VC NR 98+7 >0.05
occupational TLC, % NR 96+ 8 >0.05
asbestos MVV, % NR 91+11 <0.05
exposure FEFy,, % NR 95 +£22 >0.05
MEF/FEFso, % NR 118+ 27 <0.05
Schwartz et 16 9 Sheet metal us Duration NoPP:33.316.6 FEV, % 1104 9.1 100.1+17.2 >0.05
ol., 1990 workers (years) With PP:30.3+7.2 FVC, % 104.9 6.7 96.0+11.8
FEV,/FVC 76.11£6.4 75.11£7.9
TLC, % 121.9+125 116.7 £13.9
RV, % 1207 £ 219 121.6 £42.5
DLco, % 111.6 £23.2 111.8+16.3
Ostiguy et 247 54 Copper Canada Duration No PP:25.7+0.5 FEVy, % 111 107 >0.05
ol., 1995 refinery (years) With PP: 26.8+ 1.0 FVC, % 106 104
workers MMEF, % 114 106
Keeetal., 106 44 Shipyard and us Duration 265+ 12 FEV,/FVC 787 74 £ 10 >0.05
1996 construction {years) FVC, % 73119 78+ 14
workers
Dlco, % 70 +23 88 £ 20
GRADIENT 1
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Ne, with Asbestos Measure of Resun
No. of Pleural . Avg. Estimated {Mean & 5D)
Study L Cohort Location Exposure lung pvalue
Participants| Plaques Exposure . Pleural
Measure Function Control
Only Plaques
Nerietoal., 119 50 Asbestos Italy Duration NoPP:48+44 FEV, NR NR >0.05
1996 workers (years) With PP:9.1+5.5 FVC NR NR
FEV,/FVC NR NR
TLC NR NR
MEF 55 5 NR NR
DLco NR NR
Soulat et 170 84 Former France Duration 12.9+0.6 FEVy, % 108.4 £3.15 112.6 £2.40 >0.05
al., 1999 insulation (years) FVC, % 108.9+ 2.60 110.2+£2.03
workers MEF, % 111.1+£3.66 | 116.1+2.96
MMEF, % 76.91£4.53 81.1+£4.02
Copley et 50 NR® Patients with England NR NR FEV, NR NR >0.05
al., 2001 benign FvC NR NR
pleural TLC NR NR
disease RV NR NR
Dco NR NR
Oldenburg 43 21 Asbestos Germany Duration 30.7 FEV,, % 86.58 £+ 28.09 | 91.67 £ 20.25 >0.05
etal., 2001 workers (mean years) FVC, % 89.89+11.86 | 88.8+13.89
FEV,/FVC 94.9 £ 19.48 98.58 £ 13.48
MEF, % 93.07+37.69 | 90.14 £ 36.79
Van 73 51 Cement Belgium CEl 26.3+126 FEV, % 103.8+13.7 104.1+129 0.24
Cleemput et factory f-years/ml VC, % 109.8 £+ 14.9 110.5+13.4 0.24
al., 2001 workers FEV,/VC 0.78 £ 0.07 0.78 £ 0.07 1.00
PEF, % 108.7 £ 215 100.5 £23.3 0.48
MEF, % 103.0+£35.7 | 109.2£25.02 0.27
Tleo, % 97.2+155 102.0+16.5 0.93
Ruietdl, 103 36 Asbestos ltaly Duration NoPP:22 16 FEVy, % 102 £13 95+ 14 <0.05
2004 workers (years) WithPP: 3016 VC, % 96 +11 90+ 10 <0.05
FEV,/VC 7816 777 >0.05
TLC, % 97+9 91+9 <0.05
Sette et al., 82 NR Cement Brazil Duration 145+10.1 Gas exchange NR NR >0.05°
2004 workers (years)

GRADIENT
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Ne, with Asbestos Measure of Resun
No. of Pleural . Avg. Estimated {Mean & 5D)
Study L Cohort Location Exposure lung pvalue
Participants| Plaques Exposure . Pleural
Measure Function Control
Only Plaques
Sandrini et 91 32 Patients with | Australia NR NR FEV, % 92+16.9 93+13.2 >0.05
al., 2006 asbestos-
related
disorders FVC, % 94 £ 135 95+24 >0.05
Chow et al., 86 26 Asbestos Australia NR NR FEV,, % 91.65+£15.41 | 89.12+16.41 >0.05
2009 workers FVC, % 91.88+ 16.46 | 91.73 + 16.04
VC, % 98.18+15.80 | 100.0+10.98
DLeo, % 89.43 £ 15.26 | 86.69 + 16.06
Clinetal, 2,743 403 Asbestos France CEl (exposure | No PP:47.9+83.1 FEV,, % 101.9+£19.2 97.9+194 0.0032
2011 workers units x years) With PP: 1126 FVC, % 100.4 £ 16.6 96.6 £ 16.6 <0.0001
128.6 FEV/FVC 80.0+7.9 79.2+9.0 0.27
TLC, % 101.2 £16.0 98.1+14.2 0.0494
Spyratos et 266 29 Cement Greece Mean 1.7-6.49 f/ml FEVy, % 99.8 £15.2 92.6+14.3 0.461
al., 2012 factory concentration FVC, % 99.6 £ 13.8 9431125 0.536
workers FEV,/FVC 83.1+104 78.1+9.3 0.294
MMEF, % 91.7+£304 71 +23.7 0.703
TLC, % 93.3+13 90.1+7.7 0.983
Dlco, % 101.3+15.8 100.5 £ 20.3 0.844
Notes:

Statistically significant results are in bold type.

CEl = cumulative exposure index; DLy = diffusing capacity for carbon monoxide; eCO = exhaled carbon monoxide {a marker of lung oxidative stress); FEFs, = flow at 50% of forced vital capacity;
FEno = fractional exhaled nitric oxide {a marker of lung oxidative stress); FEV, = forced expiratory volume in 1 second; FVC = forced vital capacity; HRCT = high resolution computed
torography; MEF = forced expiratory flow at the level when 50% of the FVC remains exhaled; MEF,5.55 = forced expiratory flow at the level when 25-75% of the FVC remains exhaled;
MVV = maximal voluntary ventilation; NR = not reported; PP = pleural plaques; RV = residual volume; TLC = total lung capacity; Tl = transfer factor for carbon monoxide; VC = vital capacity.
{a) Presence of pleural plaques was evaluated as an independent variable.
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